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Commissioner for Patents 
Washington, D.C. 20231 
Box Patent Ext. 

OFFlCEOFPETiTlONS 

APPLICATION PURSUANT TO 35 U.S.C 9156(d)(l) AND 
37 C.F.R. 5j1.740 FOR EXTENSION OF PATENT TERM 

Hon. Commissioner 

Applicants hereby request that the term of the above-identified United States Patent 

be extended pursuant to 35 U.S.C. 156. The information required by 37 C.F.R. §1.74O(a) is 

provided below and in the Appendices. 

(1) The generic name of the approved product is bivalirudin. Its chemical name 

and physical characteristics are provided in Appendix A. 

(2) The regulatory review of the approved product occurred pursuant to section 

505(b) of the Federal Food Drug and Cosmetic Act (See Appendix B). 

(3) The date on which the approved product received permission for 

commercial marketing was 15 December 2000. 

(4) The active ingredient in the approved product is bivalirudin. Bivalirudin 

has not been previously approved for commercial marketing or use under the 

Federal Food, Drug and Cosmetic Act, the Public Health Service Act, or the Virus- 

Serum-Toxin Act. 
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(6) The patent for which an extension is being sought is in the name of the 

inventors John M. Maraganore, John W. Fenton, II and Toni Kline. The United 

States Patent No. is 5,196,404 (“The Patent”). The patent issued on 23 March 1993 

and will expire on 23 March 2010. The patent is exclusively licensed by the 

applicant. (See Exhibit C) 

(7) A copy of The Patent is provided herewith as Appendix D. 

03) A copy of a certificate of correction dated 18 October 1994 is provided 

herewith as Appendix E. A reexamination certificate issued 10 September 1996 is 

provided herewith as Appendix F. A receipt for a maintenance fee paid in August 

1996 is provided herewith as Appendix G. A receipt for a maintenance fee paid in 

August 2000 is provided herewith as Appendix H. No disclaimer has been made 

for this patent. 

OFFICEOFPETITIONS 
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(9) The approved product is covered by claims l-6,9,13, 14, 16 and 21 of The 

Patent. This is illustrated for claim 1 below. 

a catalytic site -directed moiety that binds 
to and inhibits the active site of thrombin; 

wherein said catalytic site -directed moiety 
is selected from serine protease inhibitors 
. . . . . . 

a linker moiety characterized by a backbone 

t 

hain having a calculated length of between 
about 18A and about 42A; and 

an anion binding exocite associating moiety; 

catalytic site-directed moiety being 
ound to said linker moiety and said linker 

being bound to said anion binding 
associating moiety; (See Appendix D 

said inhibitor is capable of 
binding to the catalytic site 

nd the anion binding exosite of thrombin. 

Elements of the amroved moduct 

Bivalirudin is a thrombin inhibitor (see 
Appendix I). 
The catalytic site -directed moiety of 
bivalirudin binds to and inhibits the active 
site of thrombin (see Appendix I). 
The catalytic site -directed moiety of 
bivalirudin is a serine protease inhibitor 
which inhibits the serine protease 
thrombin (See Appendix I). 
Yhe linker region of bivalirudin is the 
jeptide Gly-Gly-Gly-Asp-Gly-Asp-Phe, a 
Ireferred linker within the 18A to 42A 
ength range (See Appendix I and Appendix 
1 at Col. 9,1. 25-47). 
livalirudin has a moiety that specifically 
binds the anion-binding exosite of thrombin 
See Appendix I and Appendix D) . 
ippendix D, at Col. 9,1. 50-67, defines the 
Ireferred anion-binding exosite associating 
noiety as W-Bl-B2-B3-B4-B5-B6-B7-B8-2, 
vherein W is a bond, Bl is Glu, B2 is Glu, B3 
see Appendix E, first page) is Ile, B4 is Pro, 
15 is Glu, B6 is Glu, B7 is Tyr-Leu, B8 is a 
bond and 2 is OH. As shown in Appendix 1. 
his section of Appendix D describes the 
.nion-binding exosite associating moiety of 
livalirudin. 
n bivalirudin, the catalytic site-directed 
noiety is bound to the linker moiety by a 
beptide bond and the linker moiety is bound 
3 the said anion binding exosite associating 
noiety by a peptide bond (See Appendix I). 
1ivalirudin is capable of simultaneously 
iinding to the catalytic site and the anion 
tinding exosite of thrombin (See Appendix 
I. 
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(10) The effective date of the investigational new drug (IND) application for the approved 

product was 2 November 1990. The IND number is 35,756. 

The date on which a new drug application (NDA) was initially submitted was 23 

December 1997. The NDA number is NDA 20-873. 

The date on which the NDA was approved was 15 December 2000. 

RECEWED 
FE8 2 0 7007 

OFFICE OF PETIT!~Ns 
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(11) Significant activities undertaken by the marketing applicant during the applicable 

regulatory review period with respect to the approved product and the significant dates 

applicable to such activities are set forth in Appendix J. Although significant activities were 

undertaken prior to 23 March 1993, these have been excluded as preceding the issue date of the 

patent, and therefor not being relevant to this analysis. 



(12) In the opinion of the applicant, The Patent is eligible for the maximum statutory 

extension of 14 years from FDA approval (i.e. until 15 December 2014). (See Appendix K) This 

determination was made by 

(A) determining the number of days between the issue date of The 

Patent (23 March 1993) and the filing date of the NDA (23 December 

1997) during such period of the regulatory review period = 1736 days; 

(W calculating a period of days during which the applicant did not act 

with due diligence during such period of the regulatory review period 

(1996, when the program was being transferred from Biogen to applicant) 

= 366 days 

(C) taking the result of A-B and dividing the number of days by two = 

685 days; 

(D) determining the number of days between the filing date of the 

NDA (23 December 1997) and the date of approval of the NDA (15 

December 2000) during which applicant did act with due diligence during 

such period of the regulatory review period = 1088 days; 

(El compiling the number of days from (C) + (D) = 1773 days; 

In the opinion of the Applicant, therefore, the term of the patent should be extended to 15 

December 2014. This determination is made by: 

09 adding (E) to the date of expiration of The Patent (23 March 20 10) 

to determine when the extended patent would expire = 29 January 2015; 

and 

(G) determining that this expiration date is greater than 14 years 

beyond the date of approval of the NDA (15 December 20 14); 

(II) therefore the patent term should be extended to 15 December 

2014). 
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(13) The applicant hereby acknowledges a duty to disclose to the Commissioner of 

Patents and Trademarks and the Secretary of Health and Human Services any information 

which is material to the determination of entitlement to the extension sought. 

(14) A check in the amount of $1,120.00 in payment of the fee pursuant to 37 C.F.R. 

$1.20(j) is enclosed herewith. The Commissioner is authorized to charge any additional 

fees to Deposit Account No. 06-1075. 

(15) All inquiries and correspondence relating to this application should be directed to 

Paul Granger, Esq., The Medicines Company, One Cambridge Center, Cambridge, 

Massachusetts 02142, Telephone 617-225-9099. 

Respectfully submitted, 

Jzes F. Haley, Jr. (Reg. No. 27,794) 
Attorney for Applicants 
Scott D. Miller (Reg. No. 43,803) 
Agent for Applicants 
c/o FISH & NEAVE 

125 1 Avenue of the Americas 
New York, New York 10020-l 104 
Tel: (2 12) 596-9000 
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CUNICAL PHARMACOLDGV 
timl: 
Angionax dimcdy inhibit ,hrombin by spadkaity bIndin bo,h 10 Ihe cataiytk site and 10 fbe an& 
binding exosite of cltcuiabng and cl&bard ,hmmbin. Thumb*, is a soMe pmleinasa maC pfayr a 
cen,ral rde in the thmmbotic process, acdng to cleave fibnnqen into fibdn mammen dnd 10 &ate 
Facior XIII 10 Facxw Xllla. &wing Wn 10 devareP a covalsndy crau-linked framewufk v&ii stab+ 
lizes the Uwombus: thmmbin also acdvates Factom V and VIII. pmm0,k-q furlher #wombb generaUu~. 
and activates p!ate(els. slknulaallng aggregation and granule release. The binding of Angicmu to 
lhmmbh b wenible as thrombin slowfy deavel the Angkeax-Arg,.Pro, bond. resulting in recovery 
01 *mmbin acdw, sit0 ftmctkm. 
In in win0 studies. bivalitiln inhibked bo,h sak8bfe (free) and dot-band ,fvcmbin. was not neutmliied 
by prcducb of *a platelet relearn reac6x. and prdonged the actlvaled pahal thmmb2pkstin time 
(aPlT). mrombin tima OJ. and pfc4hmmbM time (PT) of rormai human plasma in a ccnanb-awn- 
dependen! manner. Tlw dintcaf relevance of these Rndirga is unknown. 

Phwm~cok,n.tks: 
Bivaliudin exhiblO linear phmmcddkmti following marawrxws (Iv) administration to patients under. 
going percutanecvs lransluminal carpnay aqwbs,y (PTCA). In lhaas patients. a man steady state 
bwalimdin concenlrah d 12.3 t 1.7 fnf+hL is achieved folbwicq an IV bdru d 1 m@zg and a 
d-hour 2.5 m@g?, IV in(usi: Sivdinxlin h&wed from plasma by a cambinaricn of renal mecha- 
nbmr and pmteoty6c deavage. with a h&lile in patbnb wim normal remI fundIon d 25 minutes. 
The disoodWn d bidkudii was sludbd tn PTCA Datknb vim mild and modemto renal imoa*mant 

Normal renal lundi~l 31 25 0 
f.2SU mUmin) 

Mild renal imp&men, 3.4 27 0 
(W-90 ml/mm) 

Mockmb rend im ‘mmnt 
(30-59 ml/mm .p” 

2.7 34 20 

Savers mm impairment 2.8 57 60 
(IO-29 mUmin) 

g2ikz@%$&, 1.0 3.5 hum 90 

ZOO1 Nd 

nllilllllillllllllllll Ill 
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DEiPARTMFiNTOFEEALTlideHUMANSERVICF,S Public He& Servica 

Food and Drug Administration 
Rochille MD 208!37 

NDA 20-873 DEC 15 2Qa 

The Medicines Company 
Attention: Sonja Lear, Pharm. D. 
.One Cambxidge Center 
Cambridge, Massachusetts 02142 

Dear Ms. Loarz 

Please refer to your new drug application (NDA) dated December 23,1997, received 
December 23,1997, submitted under section SOS(b) of the Federal Food, Drug, and Cosmetic Act for 
Axgiomax~ (bivalirudin) Injection- 

We acknowledge receipt of your submissions dated April 6, May 12 and 17, July 14, October 9, 
November 9, and December 1,200O. Youx submission of July 14,2000, constituted a complele 
response to our May 11,2000, action letter. 

This new dxug application provides for the use of AngiomaxTM (bivalixudin) Injection as an 
anticoagulant in conjunction with aspirin in patients with unstable angina undergoing percutaneous 
transluminal coronary angiopiasty (PICA). 

We have completed tie review of this application, as amended, and have concluded that adequate 
information has been presented to demonstrate that the drug product is s&e ahd effective for use as 
recommended in the agreed upon enclosed labeling text. Accordingly, the application is approved 
ef%ztive on the date of this letter. 

The final pxinted labeling (FPL) must be identical to thccncloscd labcling (text for the package insert) 
and submitted draft labeling (immediate container and caxton labels submitted July 14,200O). 
Marketing the product with FPL that is not identical to the approved labeling text may render the 
product misbranded and an unappxoved new drug. 

Please submit 20 paper copies of the FPL as soon as it is available, in no case more than 30 days after 
it is printed. Plcase individually mount ten of the copies on heavy-weight paper ox similar material. 
Altexnativeiy, you may submit the FPL electronically according to the guidance for indus&ry titled 
Providing Reguiattxy Submissions in Electronic Format - NDAs (January 1999). For administrative 
puxposes, this submission should be designated “FPL for approved MIA 20-873.” Approval of this 
submission by FDA is not xequired before the labeling is used. 

WC remind you of your postmarketing commitment in your submission datedDecember 1.2000. This 
commitment is listed below. 



12/15/00 18:17 W 

NDA 20-873 
Page 2 

Commit to completing Study TMC 98-l 0 entitled “Anticoagulant Therapy with Bivalirudin to As&t 
in the Performance of Pexcutaneous Coronary ~hitervention in Patients with Hepaxin-Induced 
Thxomhocytopenia: An Open Label Study of Bivalirudin for Hepaxin-Induced Thrombocytopcnia 
(HIT) or Heparin-Induced Thxombocytopenia and Thrombosis Syndrome (HITT’S)” and submitting the 
full report for that study. . 

Final Report Submission: Withiw 36 months of the date of this letter. 

Submit clinical protocols to your IND for this product. Submit nonclinical and chemistry, 
manufacturing, and controls protocols and all study final xeports to this NDA. In addition, under * . 
21 CI;R 3 14,81(b)(2)(@) and 314.8l(b)(;?)(viii), you should include a status summary of each 
commitment in your annual repoxt to this MIA. The status summaxy should include expected 
summary completion and final report submission dates, any changes in plans since the last annual 
report, and, for clinical studies, number of patients entered into each study. All submissions, including 
supplements, relatiry to these postmarketing study commilxnents must be prominently labeled 
“Postmarketing Study Protocol “, “Post-marketing Study Final Report”, or “Postmarketing 
Study Correspondence.” 

Validation of the regulatory methods has not been completed. At the pxcscnt time, it is the policy of 
the Cc&r not,to withhold approval because the methods axe being validated. Nevertheless, we expect 
your continued cooperation to resolve any problems that may be identified. 

Be advised that, as of Apxil 1,19,99, all applications for new active ingedients, new dosage foxms, new 
indications, new routes of administration, and neti dosing regimens are required to contain an 
assessment of the safety and cffbctivcncss of the pxoduct in pediarric patienls unless this xequixement is 
waived or defmed (63 FR 66632), We axe waiving the pediatric study xequixement for this action on 
this application. 

In addition, please submit three copies of the introductory promotional materials that you propose to 
use for this product. All proposed materials should be submitted in d& or mock-up form, not final 
print PIease send one copy to the Division of Gastrointestinal and Coagulation Drug Products and two 
copies of both the promotional matexials and the package insert dixeclly to: 

Division of Drug Marketing, Advextising, and Communications, HFD-42 
Food and Dxug Administration 
5600 Fishers Lane 
Rockville, Maryland 20857 

Please submit one market package of the drug pxoduct when it is available. 

We remind yo~that you must comply with the requirements for an approved NDA set forth under 
21 CFR 314.80 and 314.81. 
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MIA 20-873 
Page 3 

If you have any questions, call Julicann DuBeau, Regulatory Health Project Manager, at (301) 
827-7310. 

Sincerely, e 

Florence Horn,, Ub., M.P.H., F.A.C.P. 
Director 
OfTice of Drug Evaluation TTI 
Center for Drug Evaluation and Research 

Enclosure 
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ThisLICENSEAGREEMENT - s made and entered into this 21st day of March, 1997 

by and between Biogen, Inc. (“Biogen”), a Massachusetts corporation, with principal offices 

located at 14 Cambridge Center, Cambridge, Massachusetts 02142, and The Medicines 

Company, a Delaware corporation, with principal offices located at One Cambridge 

Center, Cambridge, Massachusetts 02142 (“TMC”). 

1. Biogen is the owner of certain patents and other proprietary rights related to 
?i.s, 

biIRLJL,OG@ bivalirudin and related hirudin-based peptide analogs, and has conducted 

clinical trials using HIRUL~ bivalirudin for the treatment of percutaneous transluminal 

coronary angioplasty, acute myocardial infarction and other di,seases. 

2. TMC is a biopharrnaceutical company which is committed to the development 

and commercialization of prescription pharmaceutical products. 

3. TMC desires to obtain an exclusive right and license in and to Biogen’s 

technology, patent rights and proprietary know-how related to HIRULOG@ bivalirudin 

and other hirudin-based peptides to develop and commercialize products based on such 

technology, patent rights and know-how worldwide. 

4. Biogen is willing to grant a license to TMC on the terms and conditions set forth 

in this Agreement. 



NOW, THEREFORE, in consideration of the mutual promises and other good and 

valuable consideration, the receipt and sufficiency of which are hereby acknowledged, the 

parties agree as follows: 

As used in this Agreement, the following terms, whether used in the singular or 

plural, shall have the following meanings: 

1.1 “Affiliate”, as applied to either party, shall mean any corporation, 

partnership, joint venture or other legal entity which controls, is controlled by or is under 

common control with such party. For purposes of this definition, the term “control” shall 

mean (a) in the case of corporate entities, direct or indirect ownership or control of at least 

fifty percent (50%) of the outstanding equity entitled to vote for directors, and (b) in the 

case of non-corporate entities, direct or indirect ownership of at least fifty percent (50%) 

of the equity interest with the ability to otherwise control the management of the entity. 

1.2 “&&” shall mean acute myocardial infarction. 

1.3 “m shall have the meaning set forth in Section 4.2. 
. 

1.4 “W “ shall mean all patents and patent applications 

throughout the Territory, covering or relating to Biogen Technology, including any 

substitutions, extensions, reissues, mexammations, renewals, continuations, continuations- 

m-part, divisionals and supplemental protection certificates, which Biogen owns or 

Controls. Biogen Patent Eights existing as of the Effective Date are set forth in m 

A to this Agreement. 
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1.5 “a Teclm~I~&’ shalf mean all Technology which Biogen owns or 

Controls as of the Effective Date and which is reasonably useful in order to research, 

develop, make, use, sell or seek approval to market Product. 
. . 1.6 “WW ” shall mean all therapeutic, prophylactic and 

diagnostic applications in humans related to the management of coronary vessel disease, 

including a &a, PICA, AMI and unstable angina. Cardiology Indications shall not 

include u & arrhythmia not of ischemic etiology, embolic or hemorraghic stroke or 

any medical condition resulting from an abnormality of venous circulation. 
. . ‘- N 1.7 “CQmmmil Devm shall mean pre and post Product- 

launch clinical studies that are not required for regulatory approval of Product in the 

Major Markets, pharmacoeconomic studies and sponsored educational programs for health 

care professionals at which clinical and/or pharmacoeconomic data related to Product are 

presented. 
. ” 1.8 “LTonfidential shall mean all information and materials, 

including without limitation, trade secrets and other proprietary information and materials 

(whether or not patentable) regarding a Party’s Technology, products, business plans or 

objectives. 

1.9 “w shall mean possession of the ability to grant a license or sublicense, 

as provided herein, without violating the terms of any agreement or other arrangement 

with any third party. 

1.10 “W shall e m an CSL Limited (formerly Commonwealth Serum 

Laboratories Limited) or any successor in interest to the rights of CSL Limited under the 

CSL Agreement. 
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1.11 “IcsLBgreement” shall mean a certain License and Supply Agreement 

between Biogen and CSL, dated as of September 30,199l. 

1.12 “Distributor” shall mean a person or entity in a country who (i) purchases 

Product or bulk Peptide from TMC or one of its Affiliates, and (ii) assumes responsibility 

for a portion of the promotion, marketing, sales and customer service effort related to 

Product in that country, and (iii) under an implied or express sublicense, sells Product in 

that country. The term Distributor shall not include a person or entity who provides a 

contract sales force to serve, in whole or in part, as TM0 sales force with respect to sales 

by TMC. For purposes of this Agreement, CSL shall be considered a Distributor of TMC 

based on the current CSL Agreement, and, to the extent that the CSL Agreement is 

modified, shall be considered a Distributor if it meets the criteria set forth in this 

definition. Without limitmg the generality of the foregoing, Biogen acknowledges that 

TMC currently intends to contract with Innovex for sales support, and agrees that Innovex 

shall not be considered to constitute a Distributor by virtue of such sales support. 

1.13 “E&&e Date” shall mean the date of this Agreement. 
. . . 

1.14 ‘( ” shall mean those indications, set forth 

in Appendix E, that (a) are not Cardiology Indications and (b) as to which Biogen had data 

from human clinical trials as of the Effective Date. 

1.15 “w shall mean the United States Food and Drug Administration. 

1.16 “ElJ$’ shall mean a full-time equivalent person year consisting of a total of 

one thousand eight hundred eighty (1,880) hours per year of work carried out by a Biogen 

employee. 

1.17 “Field” shall mean ail therapeutic, prophylactic and diagnostic applications 

, in humans. 

-4- 



. 
1.18 “Eirst Commercrai ” shall mean in each country of the Territory with 

respect to each Product, (i) the first sale of the Product by TMC or any of its Affiliates, 

Sublicensees or Distributors to a third party in such country in connection with the 

nationwide introduction of the Product by TMC, its Affiliates, Sublicensees or Distributors 

following marketing and/or pricing approval by the appropriate governmental agency for 

the country in which the sale is made, or (ii) when governmental approval is not required, 

the first sale in such country in connection with the nationwide introduction of the Product 

in that country. 

1.19 “HRI” shall mean Health Research, Inc. or any successor in interest to the 

rights of Health Research Inc.‘s under the HRI Agreement. 

1.20 “I3RI w shall mean a certain License Agreement between Biogen 

and HRI, dated as of June 6,1990, as amended. 

1.21 “IlYR” shall mean an Investigational New Drug application, as defined under 

the United States Federal Food, Drug and Cosmetic Act, as amended. 

1.22 “MAA” shall mean an application for regulatory approval to sell Product in 

the European Union and similar in purpose to an NDA in the United States. 

1.23 “v’ shall mean the United States, the United Kingdom, 

Germany, France, Italy, Spain and the Benelux region. 

1.24 ‘WA” shall mean a New Drug Application or Product License Application 

or equivalent filing filed for Product with the FDA. 

1.25 “Q&l&’ shall mean the gross amount invoiced (not dependent on whether 

such invoices have been actually paid) on sales of Product by TMC and its Affiliates and 

Distributors to third parties, less the following items, as determined from the books and 

records of TMC or its Affiliates or Distributors, provided that such items do not exceed 
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reasonable and customary amounts in the country in which such sale or other disposition 

occurred: (i) freight, insurance and other transportation charges, if billed separately; (ii) 

amounts repaid or credited by reason of returns, rejections, defects, recalls or because of 

retroactive price reductions; (iii) sales taxes, excise taxes, value-added taxes and other taxes 

(other than income taxes) levied on the invoiced amount; (iv) import and export duties; (v) 

cash, trade and quantity discounts actually given or made; and (vi) rebates paid pursuant 

to government regulations. A sale of Product by TMC to an Affiliate or Distributor for re- 

sale of the Product by such Affiliate or Distributor shall not be considered a sale for the 

purpose of this provision, but the resale of such Product by the Affiliate or Distributor to 

a third party who is not an Affiliate or Distributor of TMC shall be a sale for purposes of 

this Agreement. 

For purposes of this Agreement, “sale” shall mean any transfer or other distribution 

or disposition, but shall not include transfers or other distributions or dispositions of 

Product, at no charge, for pre-clinical, clinical or regulatory purposes or to physicians or 

hospitals for promotional purposes, provided such transfer, distribution or disposition is 

not made in exchange for lower prices on other TMC products or for other noncash 

consideration. In the event that consideration in addition to or in lieu of money is received 

for the sale of Product in an arms-length transaction, the fair market value of such 

consideration shall be included in the determination of Net Sales for such sale. To the 

extent that Product is sold in other than an arms-length transaction, Net Sales for such sale 

shall be the average sales price of Product if sold in an arms-length transaction during the 

applicable royalty reporting period in the country in which the non-arms-length 

transaction occurred. 
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In the event that Product is sold in the form of a combination Product containing 

one or more active ingredients or components in addition to Product, Net Sales for the 

combination Product shall be determined by multiplying actual Net Sales of the 

combination Product (determined by reference to the definition of Net Sales set forth 

above) during the royalty payment period by the fraction A/A+B where A is the average 

sale price of Product when sold separately in finished form and B is the average sale price 

of the other active ingredients or components when sold separately in finished form in 

each case during the applicable royalty reporting period in the country in which the sale 

of the combination Product was made, or if sales of both the Product and the other active 

ingredients or components did not occur in such period, then in the most recent royalty 

reporting period in which sales of both occurred. In the event that such average sale price 

cannot be determined for both Product and all other active ingredients or components 

included in the combination Product, Net Sales for purposes of determining payments 

under this Agreement shall be calculated by multiplying the Net Sales of the combination 

Product by the fraction C/C+D where C is the standard fully-absorbed cost of the Product 

portion of the combination and D is the sum of the standard fully-absorbed costs of all 

other active components or ingredients included in the combination Product, in each case, 

as determined by TMC using its standard accounting procedures consistently applied. In 

no event shall Net Sales of a combination Product be reduced to less than 

of actual Net Sales of such combination Product (determined by reference to the 

definition of Net Sales set forth above) by reason of any adjustment provision set forth in 

this paragraph. 
. . . 1.26 “# N shall mean those indications that are 

neither Existing Non-Cardiology Indications nor Cardiology Indications. 
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1.27 “&g&i&’ shall mean one or more of the hirudin-based peptide analogs 

described in m to this Agreement. 

1.28 “&Q&&’ shall mean the finished form of a product that comprises, contains 

or is Peptide and which or the manufacture, use or sale of which (i) is covered by a Valid 

Claim of any Biogen Patent Rights in the country where such Product is manufactured, 

used or sold and/or (ii) embodies any of the Biogen Technology. 

1.29 “PICA” shall mean percutaneous transhun.inal coronary angioplasty. 

1.30 “-5 PIE& shall mean the joint biological/synthetic process for 

producing Peptide. 

1.31 “sublicensee” shall mean any third party expressly licensed by TMC to make, 

use and sell Product, but not including any Affiliate or Distributor of TMC. 

1.32 ‘w shall mean all information, data, concepts, formulas, methods, 

procedures, designs, compositions, plans, applications, specifications, techniques, 

processes, technical data, know-how, samples, biological materials, inventions, discoveries 

and the like which a party owns (in whole or in part) or Controls. 

1.33 ‘w shall mean the transfer of Biogen Technology to TMC, 

in accordance with Section 3. 

1.34 “-Transfer PW shall have the meaning set forth in Section 3.1 

1.35 “~ shall mean all countries of the world. 
i . 1.36 “TMC PakxL&&& “ 

1) 
shall mean all patents and patent applications 

tlkoughout the Territory, covering or relating to TMC Technology, including any 

substitutions, extensions, reissues, reexaminations, renewals, continuations, continuations- 

in-part, divisionals and suppkmental protection certificates, which TMC owns or Controls 

at any time. 
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1.37 ‘WC Technnlagy” shall mean all Technology which TMC owns or Controls 

as of the date of termination of this Agreement and which is reasonabIy useful in order to 

discover, research, develop, make, use, sell or seek approval to market Product. 
. 1.38 ‘TJCB- ‘* shall mean information related to the manufacturing of 

Peptide contained in the Chemistry, Manufacturing and Control (CMC) sections of 

Biogen’s existing INDs for Peptide, and stability data generated by UCB on Peptide. 

1.39 ‘tralid shall mean (i) a claim of a pending patent application which 

claim shall not have been canceled, withdrawn, abandoned or rejected by an 

administrative agency from which no appeal can be taken or which shal1 not have failed 

to issue as a patent within seven (7) years of the earliest claimed priority date or (ii) a claim 

of an issued and unexpired patent which has not lapsed or become abandoned or been 

declared invalid or unenforceable by a court of competent jurisdiction or an administrative 

agency from which no appeal can be or is taken. 

N 2 - GRANT AND ASSIGW . 

2.1 License Gras& Biogen hereby grants to TMC, and TMC hereby accepts 

from Biogen, a royalty-bearing right and license under Biogen Technology and Biogen 

Patent Rights to make, have made, import, use, offer to sell and sell Product in the 

Territory in the Field. The Iicense granted to TMC under this Section 2.1 shall be exclusive 
. 

subject only to the rights granted to CSL under the CSL Agreement and any rights retained 

by HRI under the HRI Agreement. 

2.2 B 

(4 TMC shall be entitled to extend the license granted to it under Section 2.1 to 

any of its Affiliates and to grant sublicenses to its rights for all indications in each country 
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of the Territory other than the United States and the countries of the European Union, 

provided that TMC shall obtain Biogen’s consent prior to granting any sublicense in 

Canada or Japan which such consent Biogen agrees not to unreasonably withhold. TMC 

shall also be entitkd to grant sublicenses to the rights granted to it under Section 2.1 in the 

United States and the countries of the European Union for New Non-Cardiology 

Indications, provided that TMC shall obtain Biogen’s consent prior to granting any such 

sublicense which such consent Biogen agrees not to unreasonably withhold. All Affiliates 

and Sublicensees to whom TMC has extended or sublicensed its rights under Section 2.1 

shall agree to be bound by all of the applicable terms and conditions of this Agreement, 

TMC shall advise Biogen of any extension of TMC’s rights to its Affiliates and shall 

provide copies to Biogen of each sublicense promptly after such extension or sublicense 

becomes effective. TMC shall not have the right to grant sublicenses to its rights under 

Section 2.1 in the United States or any of the countries of the European Union with respect 

to Cardiology Indications or Existing Non-Cardiology Indications. 

(b) TMC shall use commercially reasonable efforts to ensure that its 

Affiliates and Sublicensees to whom TMC has extended or sublicensed its rights under 

Section 2.1 shall comply with all applicable terms of this Agreement and shall make all 

payments of compensation due and make all reports due under this Agreement by reason 

of sales of Product by such Affiliates and/or Sublicensees. 

(c) TMC shall use commercially reasonable efforts to ensure that all 

Sublicensees to whom TMC grants rights to make, use and sell Product in New Non- 

Cardiology Indications in the United States and the countries of the European Union 

market Product solely for use in New Non-Cardiology Indications. 
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2.3 c Concurrently with execution of this 

Agreement, the parties shall execute (i) an Assignment of License in the form set forth in 
. Appe~&& hereto under which Biogen assigns to TMC, and TMC accepts assignment of, 

all of Biogen’s rights and obligations under the HRI Agreement, and (ii) an Assignment 
. of License and Supply Agreement in the form set forth as &pen&-D hereto under which 

Biogen assigns to TMC, and TMC accepts assignment of, all of Biogen’s rights and 

obligations under the CSL Agreement. 

SEC~OKEIECHNOT~~Y IRAN=% AN-I? %J’PPJ .Y OF MATJWAL 

3.1 &,&JQ&J_~ Tr;ansffPlan. As soon as reasonably practical after the Effective 

Date, the parties shall meet to agree on a plan for Technology Transfer (the “Technology 

Transfer Plan”). The Technology Transfer Plan shall specify the Technology Transfer 

activities to be performed and the amount of time to be devoted to such activities. The 

parties shall review and update the Technology Transfer Plan, on a monthly basis, until 

the earlier to occur of (i) completion of Technology Transfer or (ii) the end of the 

Technology Transfer period, as set forth in Section 3.2. Biogen shall not be required to 

devote time or perform activities in connection with Technology Transfer beyond the time 

and activities shown on the Technology Transfer Plan unless both parties agree on an 

update to the Technology Transfer Plan. 

3.2 Limitation_onTw Notwithstanding anything in this 

Agreement to the contrary, Biogen shall not be obligated to devote more than the 

equivalent of 2.8 PTEs, in the aggregate, to Technology Transfer or, in the event that 

Biogen has devoted an equivalent of 2.8 PTEs to Technology Transfer, to perform 

Technology Transfer after the date which is four (4) months from the Effective Date. The 
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parties shall use their best efforts to complete Technology Transfer within four (4) months 

from the Effective Date. If Biogen has devoted an equivalent of 2.8 PIES to Technology 

Transfer and Technology Transfer has not been completed by the end of such four (4) 

month period, the parties may extend the Technology Transfer period by mutual 

agreement. 

i 

3.3 Costsof- TMC shall pay Biogen’s fully-burdened 

costs associated with Technology Transfer, provided that the activities and the time spent 

performing the activities for which the costs are to be paid are reflected in the Technology 

Transfer Plan, as updated from time to time, or TMC. has specifically requested the 

additional time or activities. Biogen shall bill TMC for Biogen’s fully-burdened costs 

related to Technology Transfer on a monthly basis. TMC shall pay all Biogen invoices 

within thirty (30) days of receipt. 

3.4 . . . As.&nm& of F Ot& Prod- 

Biogen hereby assigns to TMC all of Biogen’s right, title and interest in (a) its 

existing INDs and equivalent regulatory filings in the Territory related to Product and (b) 

subject to Section 5, any and all regulatory and clinical information related to Product that 

Biogen owns or Controls as of the Effective Date. Biogen and TMC shall jointly manage 

the transition of Biogens INDs or equivalent regulatory filings to TMC under this Section 

in such a way as not to harm the existing relationship of either party with the relevant 

regulatory authorities. Biogen may elect, or TMC may request, to have one or more of 

Biogen’s employees participate in meetings between TMC and regulatory authorities 

regarding assignment of Biogen’s INDs or equivalent regulatory filings to TMC, provided 

that Biogen’s right to elect to participate in any such meeting shall terminate on December 

31,1997. TMC shall pay all of Biogen’s costs associated with the assignment of JNDs or 
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equivalent regulatory filings to TMC, including the costs incurred by Biogen in sending 

Biogen representatives to meetings with regulatory authorities at the request of TMC. 

3.5 . nlv m 

(a) As soon as reasonably practical after the Effective Date but in any 

event within ninety (90) days after the Effective Date, Biogen shall deliver to TMC Biogen’s 

existing inventory of Peptide as described in e (the “Biogen Inventory”). In 

addition, Biogen shall, at TMC’s request, provided such request is made prior to September 

l&l997 (the “Completion Option Period”), initiate completion of processing by UCB 

Bioproducts S.A. (collectively “UCB”) of approximately 30kg of Peptide intermediates 

(expressed in equivalent bulk drug substance quantities) stored at UCB as of the Effective 

Date under the terms of a Supply Agreement between Biogen and UCB, dated as of March 

21,1997 (the “Supply Agreement”) (a copy of which has been provided to TMC), and shall 

deliver to TMC the resulting material (the “UCB Material”). TMC understands and agrees 

that “processing”, as the term is used in this Section, of the 30kg of Peptide intermediates 

by UCB shall mean completion of the manufacturing of such portion of the 30kg of Peptide 

intermediates as UCB, in consultation with Biogen and TMC, determines is viable for 

further production (the “Unfinished Peptide”) using the manufacturing process specified 

in Biogen’s most recent IND for Peptide on file with the FDA as of the Effective Date. In 

the event that UCB reports to Biogen that any portion of the 30kg of Peptide intermediates 

is not viable, Biogen shall use reasonable efforts to confirm UCB’s determination. 

“Processing” shall also include delivery by UCB with each batch of Peptide of a release 

certificate and access for Biogen and/or TMC to review the relevant batch records. 

“Processing” shall specifically not include (i) any analytical process-related or other 

validation work, (ii) qualification of plant, equipment or utilities, (iii) work towards a 
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supplementi IND, NDA or any other regulatory filing, (iv) any other work requested by 

regulatory author+ties m connection with a regulatory filing, (v) any work associated with 

filing or inspection of the documentation or facilities by TMC or the regulatory authorities, 

or (vi) any supporting activities including further development work (process-related and 

analytical-related), stability standard or reference standard establishment or requalification 

(collectively “Ancillary Services”). At or prior to initiation of the completion of processing 

of the Unfinished Peptide under the terms of this Agreement, TMC shall meet with UCB 

to negotiate the terms, if any, under which UCB would be willing to provide, and Th4C 

would be willing to accept, Ancillary Services in connection with the Peptide 

manufactured by UCB. Biogen represents that UCB is obligated to complete processing 

of the Unfinished Peptide if the request is made during the Completion Option Period 

whether or not TMC accepts Ancillary Services from UCB at the end of the negotiation 

described in the preceding sentence. Upon delivery to Biogen by TMC during the 

Completion Option Period of a request to have UCB complete processing of the Unfinished 

Peptide, TMC, UCB and Biogen shall meet to agree upon a delivery schedule for the 

resulting Peptide. Biogen represents that UCB has agreed to deliver the Peptide resulting 

from processing of the Unfinished Peptide within at least eighteen (18) months of receipt 

of the processing request Biogen shall use commercially reasonable efforts to enforce the 

Supply Agreement after consultation with TMC. 

(b) As part of Technology Transfer, Biogen shall provide to TMC copies 

of quality control release test results existing as of the Effective Date related to the Biogen 

Inventory. Biogen shall perform additional HPLC tests on the Biogen Inventory only at 

TMC’s request and expense in accordance with the Technology Transfer Plan. 
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(c) Biogen represents that Peptide delivered to TMC as part of the Biogen 

Inventory was stored under the conditions set forth in &E&X F, 

(d) TMC shall reimburse Biogen for the amount due to UCB for delivery 

of the UCB Material, up to TMC shall also reimburse Biogen for any 

storage costs for the Biogen Inventory and the UCB Material incurred by Biogen after the 

Effective Date. In addition, TMC shall reimburse Biogen for all freight, storage, duties, 

taxes and insurance costs incurred in connection with delivery of the Biogen Inventory and 

the UCB Material to TMC, including but not limited to those costs incurred in shipping the 

Biogen Inventory to and from Europe and storing the Biogen Inventory in Europe. All 

payments to be made by TMC to Biogen under this paragraph shall be made within thirty 

(30) days of receipt of each invoice therefor from Biogen. 

TION4-DTJEDIT~I~ . 

4.1 Investment. TMC shall use commercially reasonable efforts to expend at 

least $20 million (not including amounts spent on or as part of the AMI Trial) in connection 

with pre-launch and post-launch commercialization activities related to Product for the 

PTCA and AMI indications within two (2) years of the later of the date of approval of a 

NDA for Product in the PTCA indication and the date of approval of a NDA for Product 

in the AMI indication. Commercialization activities may include Commercial 

Development Activities. 

4.2 w TMC h 11 s a use commercially reasonable efforts (defined, for 

purposes of this Agreement, as those efforts consistent with the efforts that would be 

exerted by a mid-size biopharmaceutical company in the development and sale of its own 

products) to develop and com.merciaIize Product in each of the Major Markets. TMC shall 
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develop Product for use in the treatment of PTCA and AMI. Without limiting the 

generality of the foregoing, TMC shah use commercially reasonabie efforts to meet the 

following diIigence milestones: 

(a) Commence a phase III clinical trial of Product in the AMI indication 

(the “AMI Trial”) by December 31,1998. 

(b) File an NDA for Product in the PTCA indication by December 31, 

1998. 

(c) File an NDA for Product in AMI indication by December 31,200l. 

(d) File an MAA for Product in AMI indication by December 31,200l. 

(e) Commence marketing and sales of Product in the United States in 

each indication (i) within six (6) months of receipt of a license from 

the FDA to market and sell Product in such indication, if no 

approvable letter is issued with respect to such indication or (ii) 

within four (4) months of receipt of the applicable FDA license, if an 

approvable letter is issued with respect to such indication. 

4.3 . &&3x& TMC shall use a lead investigator for the AMI Trial who is a 

nationally recognized expert in cardiology. TMC shall provide to Biogen a draft of the 

protocol for the AMI Trial, and Biogen shall have the right to review and comment on such 

protO& The parties acknowledge and agree that the phase III study design for the AMI 

Trial will be a mortality trial substantially based on Biogen’s phase II results with Peptide 

and streptokinase. TMC shall be the sponsor of the AMI Trial for purposes of 21 C.F.R. 

section 312 et. seq. TMC shall review the protocol for the AMI Trial with the FDA, and 

shall use reasonable efforts to obtain the FDA’s advice that the protocol is reasonable for 

obtaining marketing approval of Product in the AMI indication. 
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4.4 conseauenc= Of FiilQre to satiauf= ObwiQJJ 
(a) If at any time Biogen believes that TMC has not satisfied its diligence 

obligations under section 4.1 and 4.2, then Biogen shall so notify TMC. Within fifteen (15) 

days of the date of such notice, the parties shall meet to discuss TMC’s performance. If 

TMC is able to demonstrate to Biogen’s satisfaction that TMC used commercially 

reasonable efforts to meet its diligence obligations, the parties shall negotiate in good faith 

to set new milestones which are reasonable in light of any difficulties or any unforeseen 

events which TMC may have encountered. If TMC is unable to demonstrate to Biogen’s 

satisfaction that TMC used commercially reasonable efforts to meet its diligence 

obligations and if TMC does not agree with Biogen’s assessment, the parties shall enter 

into binding arbitration, under the terms of Section 14.7, within ten (10) days of the 

meeting between the parties held under this Section, provided, that the arbitrators selected 

by the parties pursuant to Section 14.7 to arbitrate any issue that arises under this Section 

4.4(a) shall each be an expert in the field of drug development in the United States, 

(b) In the event that TMC agrees with Biogen’s determination that TMC 

failed to satisfy its diligence obligations under Section 4.1 or 4.2 or an arbitration panel 

convened under paragraph (a) of this Section 4.4 determines that TMC failed to satisfy its 

diligence obligations under Section 4.1 or 4.2, Biogen shall have the right and option to 

terminate this Agreement for material breach by TMC under Section 10.2. 

In the event that TMC informs Biogen in writing that it 

does not intend to develop, register, manufacture, market or sell, or sublicense a third 

party to develop, register, manufacture or sell, Product in Japan, and TMC’s reasons for 

choosing not to enter Japan are not related to potential parallel import or pricing issues or 

regulatory or patent obstacles outside of TMC’s control, Biogen shall have the right and 
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option to (i) terminate the license set forth in Section 2.1 as to Japan only on sixty (60) days 

prior written notice to TMC and (ii) to exercise its rights under Section 10.5. 

4.6 B&dud. No later than December 31, 1998, TMC shall 

submit to Biogen a development plan for the transdermal application of Product (the 

“Transdermal Plan”). The Transdermal Plan shall include commercially reasonable 

milestones for development and commercialization of a transdermal Product. In the event 

TMC does not use commercially reasonable efforts to meet the milestones set forth in the 

Transdermal Plan, Biogen shall have the right to terminate this Agreement as to the 

transdermal application of Product. 

4.7 &&.lsRqQJ& Within forty-five (45) days of the end of each calendar 

quarter, TMC shall provide to Biogen a written report describing in reasonable detail the 

status of development and commercialization activities related to Product, including the 

nature of the development and commercialization activities undertaken by TMC and its 

Sublicensees and Distributors, if any, during the preceding quarter, the results obtained 

and the goals and plans for the next quarter. After Product launch, the status report 

provided to Biogen under this section shall include rolling four-quarter sales forecasts for 

Product. TMC shall furnish to Biogen copies of final study reports from clinical trials 

related to Product as soon as such reports are available. At Biogen’s request from time to 

time, TMC shall provide to Biogen verbal updates on the status of development and 

commercialization efforts. 

ON5-COB 

5.1 . . . 1 Each party agrees that it shall 

maintain the Confidential Information of the other party in strict confidence and shall not 
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disclose any such Confidential Information to a third party or use such Confidential 

Information for any purpose other than as contemplated yder this Agreement. Each 

party agrees to exercise reasonable precautions to prevent and restrain the unauthorized 

disclosure or use of the Confidential Information of the other party by any of the receiving 

party’s directors, officers, agents or employees. TMC acknowledges and agrees that all 

regulatory and clinical information assigned to TMC under Section 3.4 (b) shall, except as 

provided in Section 5.2, continue to be Confidential Information of Biogen for purposes of 

this Section 5. 

5.2 

The provisions of Section 5.1 shall not apply to Confidential Information 

Which: 

(9 

disclosing party; 

(3 

becomes generally 

Agreement; 

(iii) 

was known to the receiving party prior to its disclosure by the 

either before or after the date of disclosure to the receiving party 

known to the public by some means other than a breach of this 

is subsequently disclosed to the receiving party by a third party 

having a lawful right to make such disclosure and who is not under an obligation of 

confidentiality to the disclosing party; 

(iv) is independently developed by or for the receiving party without 

reference to or reliance upon the Confidential Information received from the disclosing 

w is required by law, rule, regulation or bona fide legal process to be 

disclosed, provided that the receiving party takes all reasonable steps to restrict and 
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maintain the confidentiality of SUCII disclosure and provides reasonable notice to the 

disclosing party; or 

WI is approved for release by the parties. 

the nondisclosure and non-use obligations under Section 5.1 shall terminate 

as to any Confidential Information twelve (12) years after receipt of such Confidential 

Information by the receiving party. 

5.3 Permitted Notwithstanding anything to the contrary 

contained in Section 5.1, TMC may disclose the Confidential Information of Biogen 

licensed to TMC under Section 2.1 or assigned to TMC under Section 3.4, other than the 

UCB Information, to third parties who (i) need to know the same in order for TMC to 

secure regulatory approval for the sale of Product or (ii) need to know the same in order 

to work towards the commercial development of Product or to manufacture Product or (iii) 

need to know the same in order to de&mine whether to enter into a sublicense agreement 

with TMC with respect to the manufacture, use and/or sale of Product provided that such 

parties, other than regulatory authorities, are bound by obligations of confidentiality and 

non-use at least as stringent as those set forth in this Section 5. In addition, TMC may 

disclose Confidential Information of Biogen (other than UCB Information or any other 

Confidential Information of Biogen as to which Biogen would be required to obtain the 

consent of a third party with respect to further disclosure) to potential investors who have 

a need to know the same in order to assess the status of their investment in TMC or to 

determine whether to invest in TMC, provided that (i) the information to be disclosed is 

of a type customarily disclosed to investors and (ii) the investors to whom the information 

is disclosed are bound by obligations of confidentiality and non-use with respect to such 

information at least as stringent as those set forth in this Section 5. 
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5.4 
. TJCB m . Notwithstanding anything herein to the contrary, TMC 

shall not use the UCB information for any purpose other than supporting the regulatory 

filings for Peptide assigned to TMC by Biogen under Section 3.4 (“Existing Regulatory 

Filings”), and shall not disciose the UCB Information to ‘any third party other than 

regulatory authorities. I’MC shall return to UCB all documents containing UCB 

Information in TMC’s possession in the event that maintaining UCB Information is no 

longer required for purposes of supporting the Existing Regulatory Filings, and shall take 

all reasonable steps to return promptly to UCB any UCB Tnformation in the possession of 

the FDA which might be returned to TMC (except as,otherwise required by the FDA) and 

to inform the FDA that communication of such UCB Information to any third party 

requires UCB’s express written consent. 

CTION 6 - PWNT OBLIGBTIONS . 

6.1 License Fee In consideration of the rights granted by Biogen, TMC shall pay 

to Biogen a nonrefundable, noncreditable license fee o n the Effective Date. 

6.2 v TMC shall make each of the following 

nonrefundable, noncreditable payments to Biogen within thirty (30) days of the first 

achievement of each of .the following milestones: 

(a) 

tW 

First Commercial Sale of Product 
in the United States for treatment 
inAMI 

First Commercial Sale of Product 
in Europe for treatment in AMI 
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6.3 l@&ks, 

(a) TMC shall pay to Biogen earned royalties on Net Sales of Product sold by 

TMC and/or its Affiliates and/or its Distributors at the following rates: 

(b) Notwithstanding anything in this Agreement to the contrary, sales by 

Sublicensees shall be included as TMC sakssolely for purposes of determining the royalty 

rate applicable to sales by TMC and/or its Affiliates and/or its Distributors. 

(4 The applicable royalty rate for a g-iv& calendar @ear shall be based on 

the rate determined by reference to total Net Sales during the year, and shall be applied 

retroactively to the first dollar of such Net Sales in such calendar year. Adjustment 

payments shall be made as necessary in accordance with Section 6.7. 

(d) The obligation to pay royalties and a percentage of Sublicense Royalty 

Income (as defined in Section 6.5) shall continue, on a country-by-country basis, from the 

date of the First Commercial Sale of Product in a country &til the later of (i) twelve (12) 

years after the date of the First Commercial Sale of such Product in such country or (ii) the 

date on which the Product or its manufacture, use or sale is n$onger coyered by a Valid 

Claim of any Biogen Patent Rights in such country. 
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6.4 iQayd&Offset. 

(a) Subject to paragraph (d) of this Section 6.4, the royalty rates set forth 

in Section 6.3 shall be reduced, on a country-by-country basis, by m 
‘th respect to Net 

Sales of any Product in any calendar year if (i) neither such Product nor its use or sale is 

covered during any part of such year by 
0 

Valid Claim of a Biogen Patent Right in such 
I i country and (ii) third parties selling ComparablqProducts, as defined below, have, in the 

4 I 
aggregate, during such year 

4 
r more of th&volum&based market share in such 

country. For purposes of this Sect& ti ompar&e Product” shall mean a product which, 
1. 

if sold on the Effective Date by a @ir c party In the United States without a license from 
1 4 t 

Biogen, would infringe a Valid Claim of Biogen Patent Eights related to Product existing 

as of the Effective Date. * 
5 

(b) Subject to paragraph (c) and (d) of this Section 6.4, in the event that 

TMC, in order to manufacture, use or sell Product in a country in the Territory, reasonably 

determines that it must make a royalty payment to one or more third parties (a “TMC 

Third Party Payment”) to obtain a license or similar right to manufacture, use or sell 

Product in such country, TMC may reduce the royalty payment due Biogen under Section 

6.3 on sales of Product, on a country-by-country basis, by the amount of such TMC Third 

Party Payments paid on such sales up to a ercentage points- reduction in the 

applicable royalty rate set forth in Section 6.3. The offset available under this paragraph 

(b) shall not apply to royalty payments made or due under the HRI Agreement. 

(c) Subject to paragraph (d) of this Section 6.4, with respect to any sales 

as to which TMC is paying royalties at th wyalty rates under Section 6.3, 

TMC may, in addition to other offsets available under paragraphs (a) and (b) above, 

reduce the royalty payment due Biogen under Section 6.3 by the amount of any payments 
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made by TMC to HRI under the WU Agreement on such sales, but not more than the 

amounts that would be payable to HRI at the rates in effect under the HRI’Agreement on 

the Effective Date. 

(d) Until the later of (i) the date of receipt of marketing approval for 

Product from the FDA for the AMI indication or (ii) the fourth anniversary of the date of 

the First Commercial Sale of Product in any country in the PICA indication, TMC may 

offset against the royalty payment due to Biogen (A) any costs incurred by TMC after the 

First Commercial Sale of Product for PTCA in development or commercialization of 

Product for the AMI indication, provided that the costs are incurred as part of a 

development or commercialization plan approved by Biogen, which approval shall not be 

unreasonably withheld, and (B) any costs incurred by TMC in connection with 

Commercial Development Activities for the PTCA indication that are agreed to by the 

parties, which agreement shall not be unreasonably withheld, and provided f&her that 

in no event (1) shall the amount offset under this paragraph exceed 6he 
aggregate or (2) shall the amount of royalties actually paid to Biogen under Section 6.3 for 

any royalty payment period be less th arlFs 
f Net Sales. Notwithstanding anything in 

this Agreement to the contrary, TMC shall not be entitled to any offset under this 

paragraph (d) in any calendar year in which Net Sales cahlated in the manner set forth 

in section 6.3 are greater shall offset its costs under this paragraph 

against royalties due for the calendar year in which the costs are incurred and shall not 

carry over such costs to offset royalties for any other calendar year. Notwithstanding 

anything herein to the contrary, TMC shall not be entitIed to apply the offsets available 

under any other paragraph of this Section 6.4 (and shall not carry-over any such offsets) 
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in any period in which TMC is applying its offset for development costs as set forth in this 

pa=qy-aph (4. 

6.5 b TMC shall pay to Biogen 

percent m of all royalty income (“Sublicense Royalty Income”) received by TMC from 

its Sublicensees with respect to sales of Products. 

6.6 . Off-label by Sm In the event that Biogen can reasonably 

demonstrate a loss in earned royalties from TMC as a result of off-Iabel sales by any of 

TMC’s Subli censees, TMC shall reimburse Biogen for Biogen’s loss of earned royalties up 

to the amount actually received by TMC fIom such Sublicensee for such off-label sales. 

6.7 Qua&,dy PB. Royalty payments and payments on 

Sublicense Royalty Income shall be made quarterly (i) within ninety (90) days following 

the end of the first calendar quarter of Product sales with respect to Sublicense Royalty 

Income received and Net Sales on sales made during such quarter, (ii) within sixty (60) 

days following the end of each of the second, third and fourth calendar quarters of Product 

sales with respect to Sublicense Royalty Income received and Net Sales on sales made 

during such quarter, and (iii) within forty-five (45) days following the end of each calendar 

quarter thereafter with respect to Sublicense Royalty Income received and Net Sales on 

sales made during such quarter. Every payment shall be accompanied by a report setting 

forth for the relevant quarter the following information: 

(a) Net Sales by TMC and its Affiliates and Distributors, by country; 

(b) Sales by Sublicensees by country (for purposes of calculating the 

royalty rate); 

(c) Quantity of Product sold, by country, by TMC, its Affiliates, 

Distributors and Sublicensees; 
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(d) Sublicense Royalty Income received by TMC; and 

(e) Total amount payable to Biogen. 

Since Net Sales in each calendar year to be used to finally determine the 

applicable royalty rate for such year will not be known until the end of such year, in order 

to make the quarterly payments specified under this Section 6.7, TMC shall use a royalty 

rate which is determined by annualizing the year-to-date Net Sales. As changes in the 

royalty rate determined using annualized Net Sales occur from one calendar quarter to the 

next calendar quarter within the same calendar year, in addition to the payment for the 

calendar quarter, TMC shall make the necessary adjustment in such calendar quarter 

reflecting the change in the royalty rate applied to Net Sales in the preceding calendar 

quarter or quarters. Within thirty (30) days of the end of each calendar year, TMC shall 

calculate the actual royalty rate to which Biogen is entitled based on the actual Net Sales 

for the year. In the event Biogen has not received its full royalty amount for the year, TMC 

shall promptly make a balancing payment to Biogen in the amount of the deficit. In the 

event TMC has paid Biogen more than its full royalty amount for the year, Biogen shall 

promptly reimburse TMC in the amount of the excess. _ 

6.8 &mdhpm& All payments to be made under this Agreement shall be 

made in United States dollars by check or wire transfer, at Biogen’s option. 

6.9 Foreian For purposes of computing Net Sales for Product sold 

in currency other than United States Dollars, such currency shall be converted into United 

States Dollars using the spot purchase rate published in the Wall Street Journal (New York 

Edition) for the last day of the calendar quarter for which Net Sales are being calculated. 

6.10 Taxes. Any taxes required to be withheld by TMC under the laws of 

any foreign country for the account of Biogen shall be promptly paid by TMC for and on 
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behalf of Biogen to the appropriate governmental authority, and TMC shall furnish Biogen 

with proof of payment of such tax within thirty (30) days following payment. Any such 

tax actually paid on Biogen’s behalf shall be deducted from royalty payments due Biogen. 

TMC agrees to make all lawful and reasonable efforts to minimize such taxes to Biogen. 

6.11 Interest--Past Any amounts due under this Agreement 

that are not paid when due shall bear interest at the lesser of (i) an annualized rate of two 

percent over the prime rate then in effect at Bar&Boston, or (ii) the highest rate permitted 

by applicable law. 

6.12 7. For a period of three (3) years next following each 

calendar year, TMC shall keep, and shall use commercially reasonable efforts (which shall 

include obtaining and enforcing a contractual commitment) to cause each of its Affiliates, 

Distributors and Sublicensees to keep, full, true and accurate books and records containing 

all particulars relevant to its sales of Products du-ring such year in sufficient detail to 

enable Biogen to verify the amounts payable to Biogen under this Agreement. Biogen shall 

have the right, not more than once during any calendar year, to have the books and 

records of TMC or any of its Distributors or Sublicensees related to the sales of Products 

audited by a qualified nationally-recognized, independent accounting firm of Biogen’s 

choosing, during normal business hours upon reasonable notice, for the sole purpose of 

verifying the accuracy of the amounts paid to Biogen under this Agreement, proykk& 

howevcx, that Sublicensees or Distributors who refuse to submjt to an audit on behalf of 

Biogen despite TMC’s commercially reasonable efforts (which shall include enforcing a 

contractual commitment) to obtain their consent to such audit shall not be bound by the 

audit obligation set forth in this sentence. In the event that an audit shows that T&K has 

underpaid Biogen by five percent (5%) or more, then TMC shall pay for all costs of such 
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audit, otherwise the costs of such audit shall be borne by Biogen. In all cases, TMC shall 

pay to Biogen any underpaid compensation promptly and with interest at an annualized 

rate of the prime rate then in effect at BankBoston, plus two percent (2%), and Biogen shall 

promptly pay to TMC any overpaid compensation. All information and data reviewed in 

any audit conducted under this Section shall be used only for the purpose of verifying 

amounts due to Biogen under this Agreement and shall be treated as Confidential 

Information of TMC subject to the terms of this Agreement. 

N7-PA- . 

7.1 . . Pros- During the term of this Agreement, TMC 

shall have responsibility for prosecuting, maintaining and defending the Biogen Patent 

Rights, and in doing so shall use a level of effort and professional representation consistent 

withthe level of effort and professional representation a mid-size biotechnology company 

would use to prosecute, maintain and defend its own patent rights. Notwithstanding 

anything herein to the contrary, TMC shall obtain Biogen’s written consent prior to (i) 

instituting any reissue or reexamination proceedings with respect to any Biogen Patent 

Rights that are issued patents as of the Effective Date, or (ii) making any strategic decision 

in any opposition, nullity, reissue or reexamination proceedings involving any Biogen 

Patent Rights that are issued patents as of the Effective Date, which Biogen consent shall 

not be unreasonably withheld. TMC shall bear all of the costs of prosecution, maintenance 

and defense of the Biogen Patent Rights incurred after the Effective Date. TMC shall keep 

Biogen regularly informed of the status of the Biogen Patent Rights. TMC shall provide 

copies to Biogen of all filings and correspondence with the patent offices, administrative 

boards or courts which TMC sends or receives in connection with prosecution, 
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maintenance and defense of the Biogen Patent Rights. As soon as practical after the 

Effective Uate, Biogen shall provide to TMC a copy of Biogen’s existing files on the Biogen 

Patent Rights. Biogen undertakes to promptly and fully cooperate in, and to provide all 

information and data and sign any documents reasonably necessary and requested by 

ThK for the prosecution, maintenance and defense of the Biogen Patents Rights. If TMC 

decides to abandon or to allow to lapse any Biogen Patent Right, TMC shall inform Biogen 

at least ninety (90) days prior to the effective date of such decision and Biogen shall be 

given the opportunity to prosecute such Biogen Patent Right which such Biogen Patent 

Right shall no longer be subject to this Agreement. Upon termination of TMC’s 

responsibility for prosecuting and maintaining any Biogen Patent Rights, TMC shall 

promptly deliver to Biogen all files related to the Biogen Patent Rights, and shall take all 

action and execute all documents reasonably necessary for Biogen to resume prosection. 

7.2 Infrineement. 

(a) TMC and Biogen shall each promptly inform the other in writing of 

any infringement of the Biogen Patent Rights of which such party has notice and provide 

the other with any available evidence of infringement. 

(b) In the event TMC, alone or with an Affiliate or Sublicensee, wishes to 

take action in a suit to enforce any Biogen Patent Rights against infringement, TMC may 

take action and, at its option and expense, join Biogen as a plaintiff. In determining 

whether to bring an action to enforce any Biogen Patent Rights, TMC shall act in a 

commercially reasonable manner, giving due consideration to the threat represented by 

the infringement and the potential risk to the Biogen Patent Rights involved. If within six 

(6) months after having been notified by Biogen of any alleged infringement or providing 

notice to Biogen of an alleged infringement, TMC has been unsuccessful in persuading the 
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alleged infringer to desist and has not brought, and/or is not diligently prosecuting an 

infringement action, or if TMC notifies Biogen at any time prior thereto of its intention not 

to bring suit against any alleged infringer, Biogen may take action and, at its option, join 

TMC as a plaintiff in any suit. 

(c) The party which institutes any suit to protect or enforce a Biogen 

Patent Right shall have sole control of that suit and shall bear the reasonable expenses of 

the other party, not including legal fees incurred by the other party, in providing any 

assistance and cooperation as is requested pursuant to this Section. The party initiating or 

carrying on such legal proceedings shall keep the other party informed of the progress of 

such proceedings and such other party shall be entitIed to counsel in such proceedings but 

at its own expense. 

(d) Any award paid by third parties (whether by way of settlement or 

otherwise) as the result of any proceedings initiated by TMC under this Section 7 shall first 

be applied to reimbursement of the unreimbursed legal fees and expenses incurred by 

either party and then the remainder shall be divided between the parties as follows: 

(9 If the amount is based on lost profits, (x) TMC shall receive an amount 

equal to the damages the court determines it has suffered as a result of the 

infringement, less the amount of any royalties (and/or payments on 

Sublicense Royalty Income) that would have been due to Biogen on sales of 

Product lost by TMC and/or its Affiliates, Distributors and Sublicensees as 

a result of the infringement had they made such sales; and (y) Biogen shall 

receive an amount equal to the royalties (and/or payments on Sublicense 

Royalty Income) that it would have received if such sales had been made by 

TMC and/or its Affiliates, Distributors and Sublicensees; and 
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(ii) As to awards other than those based on lost profits, j/r to TMC and % 

to Biogen. 

(e) Any award paid by third parties (whether by way of settlement or 

otherwise) as the result of any proceedings initiated by Biogen under this Section 7 shall 

first be applied to reimbursement of the unreimbursed legal fees and expenses incurred 

by either party and then shall be divided between the parties, % to TMC and % to Biogen. 

7.3 . 
smpm In any suit as either party may institute or control to 

enforce the Biogen Patent Rights pursuan t to this Agrement, the other party agrees, at the 

request and expense of the party initiating or controlling the suit, to cooperate in all 

respects, to have its employees testify when requested and to make available relevant 

records, papers, information, samples, specimens, and the like. 

7.4 Third Par&Cl&~. In the event that a third party at any time provides 

written notice of a claim to, or brings an action, suit or proceeding against a party or such 

party’s Affiliates, Distributors or Sublicensees, claiming infringement of its patent rights ’ 

or unauthorized use or misappropriation of its Technology based upon an assertion or 

claim arising out of the development, manufacture, use or sale of Products, such party 

shall promptly notify the other party of the claim or the commencement of such action, suit 

or proceeding, enclosing a copy of the claim and/or all papers sewed. 

CTION 8 - REP-S. WA- COVPNAW . 

8.1 . Cornorate Each party represents and warrants to the other party 

that (i) it is free to enter into this Agreement; (ii) in so doing, it will not violate any other 

agreement to which it is a party; and (iii) it has taken all corporate action necessary to 
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authorize the execution and delivery of this Agreement and the performance of its 

obligations under this Agreement. 

8.2 . ew . Each party covenants and agrees that in 

conducting activities contemplated under this Agreement, it shall comply with all 

applicable laws and regulations. Without limiting the generality of the foregoing, TMC 

covenants and agrees that in conducting activities in connection with the manufacture, use 

or sale of Product, TMC shall comply with all applicable laws and regulations. 

8.3 Bight to Jicense. Biogen represents and warrants to TMC that Biogen is 

the owner or licensee of the Biogen Technology and Biogen Patent Rights and has the right 

and ability to grant the licenses granted under this Agreement. In addition, Biogen 

covenants and agrees that it will not enter into any agreement or other arrangement with 

any third party following the Effective Date that would limit TMC’s right and kbility to 

exploit the rights granted by Biogen to TMC under this Agreement. 

8.4 &&inms. THE REPRESENTATIONSAND W ARRANTES SET FORTH 

IN THIS SECTION AND IN SECTION 3.5’ ARE IN LIEU OF ALL 0TIIER 

REPRESENTATIONS AND WARRANTIE 
s NoT ExpREssLy sEi“ FciRm mREm:‘ : I 

WITHOUT-GTHE GENERALl’IYOF THE F0REGOING STATEMENT, BI0GEN 
,.“, .., ,., 

DZSCLA~MS ALL w-s, WHETHER EXPRESS 0~ GMpJ-BzD; WITKRESPECT‘ 

TO BI0GEN TECHNOL0GY, BI0GEN PATENT RIGHTS, THE BI0GEN lNVENTORY 

AND THE UCB MATERJAL, INCLUDlNG, WITHOUT LIMITATION, ANY 

REPRESENTATIONS OR WARRANTIE 
^ _,” .I .e j..~, .;_- ““” s As TO ~mR.‘pRoDu~~.cm ,Bg . 

. . . . .,, _,.,.- ., .~ ._.,,,. I_. _( . IX. ;I 
SUCCESSFULLY DEVELOPED OR MARKETED; REGARDING. THE ACCURACY, 

PERFORMANCE, UTILlTY, RELIABILITY, TECHNOLOGICAL OR COMMERCIAL 

VALUE, COMPREHENSIVENESS, MERCHANTABILIIY OR mSS FOR ANY 
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PARTICULAR PURPOSE WHATSOEVER OF THE BIOGENTECkIlWLOGY, BIOGEN 

PATENT RIGHTS, BIOGEN INVENTORY OR UCB’MATERIk OR’ AS TO ti 

NOR TMC SHALL BE LIABLE FOR SPECIAL, INDIRECT, lNCIDENTAL OR 

CONSEQUENTLAL DAMAGES ARWNG OUT OF THIS AGREEMENT WHETHER 

BASED ON CONTRACT, TORT OR ANY OTHER LEGAL THEORY. 

SEC’I’ION 9 - INDEM . 

9.1 v Tbifc TMC shall defend, indemnify and hold harmless 

Biogen and its Affiliates and their respective employees, agents, officers, shareholders and 

directors and each of them (the “Biogen Indemnified Parties”) from and against any and 

all liability, damage, loss, cost or expense of any nature (including reasonable attorneys 

fees and expenses of litigation) incurred or imposed upon the Biogen Indemnified Parties 

or any one of them in connection with any claims, suits, actions, demands, proceedings, 

causes of action or judgments resulting from or arising out of (i) the-development, design, 

testing, production, manufacture, sale, use or promotion of Product by TMC or any of its 

Affiliates, Sublicensees or Distributors or any of their respective agents or employees; (ii) 

any other activities carried out by TMC or any of its Affiliates, Sublicensees or Distributors 

or any of their respective agents or employees, including any failure to comply in any 

material respect with applicable laws or regulations, or (iii) breach by TMC of any term 

of this Agreement, except to the extent any such claim results or arises from breach of this 

- 33 - 



Agreement by Biogen or the negligence or willful misconduct of Biogen or any its 

Affiliates or any of their respective employees, agents, officers or directors. 

9.2 . bv a Biogen shall defend, indemnify and hold 

harmless TMC and its Affiliates and their respective employees, agents, officers, 

shareholders and directors and each of them (the “TMC Indemnified Parties”) from and 

against any and all liability, damage, loss, cost or expense of any nature (including 

reasonable attorneys fees and expenses of litigation) incurred or imposed upon the TMC 

Indemnified Parties or any one of them in connection with any claims, suits, actions, 

demands, proceedings, causes of action or judgments resulting from or arising out of the 

breach of this Agreement by Biogen or the negligence or willful misconduct of Biogen or 

any its Affiliates or any of their respective employees, agents, officers or directors. 

. . . 9.3 Conditions . An indemnified party shall give prompt 

notice to the indemnifymg party (either TMC or Biogen, as the case may be) of any claim 

for which the indemnified party may seek indemnification under Section 9.1 or 9.2 and, 

provided that the indemnifying party is not contesting the indemnity obligation, shall 

permit the indemnifying party to control any litigation relating to such claim and 

disposition of any such claim, provided that the indemnifying party shall act reasonably 

and in good faith with respect to all matters relating to the settlement or disposition of any 

claim as the settlement or disposition relates to the indemnified party, and the 

indemnifying party shall not settle or otherwise resolve any claim without prior notice to 

the indemnified party. The indemnified party shall cooperate with the indemnifying party 

in its defense of any claim for which indemnification is sought under this Section. 

9.4 Insurance. At such time as Product is being marketed, TMC shall obtain 

and shall thereafter maintain, at TMC’s sole cost and expense, product liability insurance 
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for Product naming Biogen as an additional insured. The amount of the insurance 

coverage obtained under this Section shall be at lea m, combined single limit, 

for each single occurrence of bodily injury and/or property damage and the like. TMC 

shall provide to Biogen copies of each insurance policy obtained under this Section and all 

renewals of such policies. 

SECTION 10 - mm . 

10.1 Term. Except as otherwise specifically provided herein and unless sooner 

terminated pursuant to Sections 10.2 or 10.3, this Agreement and the licenses and rights 

granted hereunder shall remain in full force and effect until TMC’s obligations to pay 

compensation hereunder terminates in accordance with Sections 6.3 and 6.5. Upon 

expiration of TMC’s obligation to pay royalties and/or a percentage of Sublicense Royalty 

Income under Sections 6.3 and 6.5 with respect to a specific country as to which T&K’s 

license is then in effect, the license shall be deemed to be fully paid and TMC shall 

thereafter have a royalty-free right to use the Biogen Patent Rights and Biogen Technology 

to make, have made, use, import, offer to sell and sell Product in such country. 

10.2 Terminationfor. In addition to any other available remedies, either 

party shall have the right to terminate this Agreement in the event of a material breach of 

this Agreement by the other party, provided that the breach is not cured within ninety (90) 

days after written notice thereof is received from the non-breaching party. 

10.3 . Termination for Converuence . TMC shall have the right to terminate this 

Agreement for any reason upon ninety (90) days prior written notice to Biogen. 

10.4 . . Survival of m Termination or expiration of the 

Agreement for any reason shall be without prejudice to any rights which shall have 
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accrued to the benefit of either party prior to such termination or expiration, including 

damages arising from any breach hereunder. In addi 
1 
‘on, !Sections 5,6.12,9,10.6,13,14 I: 

and the last sentence of Section 7.1 shall survive any such termination or expiration. 

10.5 . . z as tm Upon termination under 

Section 4.5 of the rights and licenses granted to TMC in Japan but not the entire 

Agreement, (i) TMC shall have no further right or license under this Agreement in Japan, 

and (ii) TMC shall grant to Biogen and its Affiliates and sublicensees a permanent and 

irrevocable right of access and reference to all regulatory submissions, including 

regulatory approvals, applicable to Product in Japan, and shall notify the applicable 

regulatory authorities of such right no later than thirty (30) days thereafter. If any right 

of access and reference granted under the preceding sentence is not sufficient to permit 

Biogen or its sublicensees to file an application for regulatory approval and receive 

regulatory approval for the sale of Product in Japan, TMC shall within sixty (60) days of 

receipt of notice from Biogen to that effect, provide Biogen with the complete data package 

that TMC used in such regulatory submissions, or if none, in regulatory submissions in 

United States in order to allow Biogen or its Affiliates or sublicensees to conduct clinical 

trials or file for regulatory approval for the sale of Product in Japan, provided that such 

data package shall be considered Confidential Information of TMC and shall be subject to 

Section 5. At the time of any termination of the license granted to TMC in Japan under 

Section 4.5, TMC and Biogen shall negotiate in good faith a commercially reasonable 

royalty to be paid to TMC for use of ‘MC-generated data and access to TMC’s regulatory 

filings related to Product. 

. . 10.6 Conseauencesoffof . If TMC terminates this 

Agreement under Section 10.3 or if Biogen terminates this Agreement under Section 10.2, 
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TMC shall, at TMC’s expense, return to Biogen all Biogen Technology furnished to TMC 

by Biogen, including any unused Biogen Inventory and UCB Material, and shall transfer 

to Biogen all TMC Technology generated in connection with the Product development and 

commercialization program. In the event Biogen terminates this Agreement under Section 

10.2, TMC shall grant to Biogen an exclusive, royalty-free license, with the right to grant 

sublicenses, to all TMC Patent Rights and TMC Technology related to Product. If TMC 

terminates this Agreement under Section 10.3, TMC shall grant to Biogen an exclusive 

license, with the right to grant sublicenses, to TMC Technology and TMC Patent Rights in 

consideration for which Biogen shall, as its sole obligation to TMC, pay royalties to TMC 

on sales of Product (i) in indications other than Cardiology Indications if the manufacture, 

use or sale of the Product in such indication is covered by a claim of a TMC Patent Right 

other than a claim to an improvement to Peptide or the Semilog Process or (ii) in any 

indication if marketing approval for Product in such indication was based on phase III 

clinical data generated by TMC, at a royalty rate to be negotiated in good faith by the 

parties at the time of termination based on the parties’ relative levels of investment in the 

Product and taking into consideration any damage or delay to the development and 

commercialization of Product caused by TMC’s termination of this Agreement. Upon 

termination of this Agreement other than by TMC under Section 10.2, TMC shall, at TMC’s 

expense, grant to Biogen an irrevocable right of reference or assign to Biogen, as requested 

by Biogen, TMC’s rights in any regulatory filings related to Product and shall assign to 

Biogen any trademarks, together with all goodwill associated therewith, used in 

connection with Product. Upon termination of this Agreement for any reason, TMC shall 

assign to Biogen, at no cost to Biogen, (i) any regulatory filings and data and information 

originally assigned by Biogen to TMC, (ii) all of TMC’s rights in the CSL Agreement and 
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the HRI Agreement, and (iii) all of TMC’s rights to the HUXULOG &&mark, together with 

all goodwill associated therewith, provided that if this Agreement has been terminated by 

TMC under Section 10.2, Biogen shall reimburse TMC for its out-of-pocket costs of 

assigning the trademark, together with all goodwill associated therewith, and regulatory 

filings to Biogen. Upon termination of this Agreement for any reason, the licenses granted 

to TMC under Section 2.1 of this Agreement shall terminate and the parties shall have no 

further rights or obligations under this Agreement except as set forth in Section 10.4. Any 

matter related to termination with respect to which the parties cannot agree will be 

referred to binding arbitration pursuant to Section 14.7. Notwithstanding anything in this 

Section 10.6 to the contrary, neither party shall be prevented from initiating a claim for 

damages due to a breach of this Agreement by the other party. 

. SECTION 11 - No & 

TMC shall not knowingly hire as an employee or employ directly as a consultant 

any person who is an employee of Biogen at the time of the employment offer from TMC 

or who has been an employee of Biogen within four (4) years of the date of the 

employment offer from TMC. Breach of this Section 11 by TMC shall be considered a 

material breach by TMC of this Agreement. In the event of any breach by TMC of this 

Section 11, Biogen shall have the right to terminate this Agreement for material breach 

under Section 10.2, or, in lieu of terminating this Agreement, may elect the following 

remedy as payment of liquidated damages: (i) immediate payment to Biogen by TMC of 

mand(ii)anincreaseom the royalty rates applicable to Net Sales of Product 

under Section 6.3 and the rate applicable to Sublicense Royalty Income under Section 6.5 

of this Agreement. Election of the liquidated damages remedy by Biogen shall not be 
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deemed a waiver and shall not in any way limit Biogens right to terminate this Agreement 

for any subsequent breach of this Section or any material breach of any other provision 

of this Agreement. 

(a) Biogen hereby assigns to TMC all of Biogen’ s rights, title and interest 

in and to the HIRULOG trademark in the Territory, together with all goodwill associated 

therewith. Biogen shall execute all documents reasonably requested by TMC to effect the 

foregoing assignment. TMC shall promptly reimburse Biogen for all costs and expenses 

incurred by Biogen in connection with assignment of the HlR~OG trademark, together 

with all goodwill associated therewith, to MC. 

(b) TMC shall maintain and prosecute the HIRULOG trademark in the 

Territory using efforts and professional representation consistent with the level of effort 

and professional representation as would be applied by a mid-size biopharmaceutical 

company in prosecuting and maintaining its own trademarks. TMC shall bear all of the 

costs of prosecution and maintenance of the HIRULOG trademark after the Effective Date. 

TMC shall provide copies to Biogen of all filings of trademark applications and all notices 

of grants which TMC sends or receives related to the I--IlRUL,OG trademark. If TMC 

decides to abandon the HIRTJLOG trademark or allow the HIRULOG trademark to lapse 

in any country, TMC shall inform Biogen at least ninety (90) days prior to the effective date 

of such decision and, at Biogen’s request, shall take all reasonable action, at Biogen’s 

expense, to assign the HIRULOG trademark, together with all goodwill associated 

therewith, back to Biogen in such country. 
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. 12.2 D . At Biogen’s request, TMC shall mark, and shall 

require its Affiliates or Sublicensees to mark, any and all forms of Product and Product 

packaging with an appropriate patent marking identifying the issued patents of the Biogen 

Patent Rights which cover the Product. 

. . 12.3 m . At Biogen’s request, TMC shall describe its 

relationship with Biogen in TMC’s promotional literature and advertising related to 

Product. Biogen shall have the right to review any such description prior to use. 

SECTION 13 - PUBU 

The parties agree that the public announcement of the execution of this Agreement 

shall be in the form of a press release mutually agreeable to the parties. Each party shall 

be entitled to make or publish any public statement concerning this Agreement consistent 

with the press release or as otherwise mutually agreed by the parties. The terms of this 

Agreement which are not divulged in the approved press release may not be disclosed 

except to a government agency as required by law. In any disclosure made to a 

government agency under the preceding sentence, the disclosing party shall request 

confidential treatment of the sensitive terms and conditions such as financial terms of this 

Agreement, and shall provide such confidential treatment request to the other party for 

review and comment. 

N 14 - GE-1 8 PROWSIONS, ’ 

14.1 w. Neither party shall have the right to assign this Agreement 

without the prior written consent of the other party, except that either party without the 

consent of the other party may assign this Agreement to an Affiliate or to a successor in 
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interest or tradera of all or substantially all of the assets of such party. This Agreement 

shall be binding upon and inure to the benefit of the parties hereto and their respective 

succesors in interest and permitted assignees. Any such successor or permitted assignee 

of a party’s interest shall in writing expressly assume and agree to be bound by all of the 

terms and conditions of this Agreement. No assignment shall relieve the assignor of any 

of its obligations under this Agreement. 
. 14.2 v Neither party shall be liable to the other party for any 

failure or delay in performance of any obligation under this Agreement if the failure is 

caused by fire, explosion, flood, earthquake, strike or lockout, embargo, civil commotions, 

riots, wars, or any similar cause beyond such party’s reasonable control, provided that the 

party claiming this exception has exerted all reasonable efforts to avoid or remedy such 

event and provided such event does not extend for more than six (6) months. 
. 14.3 7 The relationship between Biogen and TMC is that 

of independent contractors. Biogen and TMC are not and shall not be deemed to be joint 

venturers, partners, principal and agent, master and servant, employer or employee, and 

have no relationship other than as independent contracting parties. Neither party shall 

have the authority to bind or obligate the other party in any manner except as may be 

expressly provided herein or authorized in writing. 

14.4 v This Agreement sets forth the entire agreement and 

understanding between the parties as to the subject matter hereof and all prior agreements 

negotiations, representations and understandings, including a certain letter of intent dated 

February 7,1997, are superseded hereby. No amendments, modifications or supplements 

to this Agreement may be made, except by means of a written document which is signed 

by authorized representatives of both parties. 
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14.5 Sever.&i&. If any provision of this Agreement is found by a court to be 

void, invalid or unenforceable, the same shall either be reformed to comply with 

applicable law or stricken if not so conformable, so as not to affect the validity or 

enforceability of this Agreement, except if the principal intent of this Agreement is 

frustrated by such reformation or deletion in which case this Agreement shall terminate. 

. 14.6 w J,aw, This Agreement shall be construed and enforced in 

accordance with the laws of the Commonwealth of Massachusetts without reference to its 

choice-of-law principles. 

. 14.7 7 . Any dispute arising out of or relating to this 

Agreement or to a breach thereof, including its interpretation, performance or termination, 

may be submitted by a party for resolution by binding arbitration. The arbitration shall 

be conducted by three (3) arbitrators. Each party shall select one arbitrator to serve on an 

arbitration panel to decide the issue. The arbitrator selected by a party shall not be a past 

or present employee of or consultant to such party or of any Affiliate or Sublicensee of 

such party. The arbitrators selected by the parties shall, within ten (10) days of their 

selection, select a third member to serve on the panel. If the arbitrators selected by the 

parties cannot, within ten (10) days of their selection, agree on a third member, the parties 

shall request that the American Arbitration Association (“AAA”) select the third member 

who shall not be a past or present employee of or consultant to either party or of any 

Affiliate or Sublicensee of either party. Each party shall then have thirty (30) days from 

the date the panel is complete to submit to the panel and to the other party a written 

statemat presenting such party’s position on the issue. The panel shall, within thirty (30) 

days after receipt of both parties statements, hold a joint meeting on the issue at which 

each party will have an opportunity to make a presentation and to respond to the other 

party’s presentation. Within fifteen (15) days of the conclusion of the meeting, the panel 
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shall render its decision in writing. The decision of the panel shall be final and binding 

on the parties. Each party shall bear its own costs in connection with the arbitration 

proceedings, including the costs of the arbitrator selected by it. The costs of the third 

arbitrator will be shared equally. The arbitration shall be held in the Commonwealth of 

Massachusetts and conducted under the rules of the AAA, except as otherwise expressly 

provided in this Section. 

14.8 w The headings in this Agreement have been included for 

convenience only, and shall not be used to construe the meaning of this Agreement. 

14.9 Waiver, Failure of a party to enforce its rights under this Agreement 

shall not constitute a waiver of that right or the ability to later assert that right relative to 

the particular situation involved or to terminate this Agreement as a result of any 

subsequent default or breach. 

14.10 Notices. Any notices given pursuant to this Agreement shall be in 

writing and shall be deemed delivered upon the earlier of (i) when received at the address 

set forth below, or (ii) three (3) business days after mailed by certified or registered mail 

postage prepaid and properly addressed, with return receipt requested, (iii) one (1) 

business day after being sent by a reputable nationwide overnight courier service, or (iv) 

when sent, if sent, by facsimile, as confirmed by certified or registered mail or by 

overnight courier. Notices shall be delivered to the respective parties as indicated: 

If to Biogen: 

Biogen, Inc. 
14 Cambridge Center 
Cambridge, MA 02142 
Telephone: (677) 679-2000 
Fax: (617) 679-2617 

with a copy to Vice President - General Counsel 
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If to TMC: 

The Medicines Company 
One Cambridge Center 
Cambridge, MA 02142 
Telephone: (617) 225-9099 
Fax: (617) 225-2397 

with a copy to President 

14.11 B This Agreement may be executed in any number of 

separate counterparts, each of which shall be deemed to be an original, but which together 

shall constitute one and the same instrument. 

IN WITNESS WHEREOF, the parties have executed this Agreement as of the date 

set forth above. 

CliLe A. Meanwell 
President and 
Chief Executive Officer 
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APPENDIX A 

Patent Rights 
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LICENSE AGREEMENT 

This Agreement, made and entered into this 
1990, by and between Biogen, Inc. a Massachusetts 

of 14 Cambridge Center, Cambridge, MA 02142 ("BIOGEN") 
Health Research, Inc., a not-for-profit corporation of Jf5R7 

ire State Plaza, Albany, New York 12237 (*%RI*8). 
B-w 3 

WHEREAS, HRI is a co-owner with BIOGEN of the Licensed 
Patent Rights (as herein defined); and 

WHEREAS, BIOGEN desires tobecome exclusively licensed to 
HRI's rights in the Licensed Patent Rights. 

NOW, THEREFORE, for good and valuable consideration and 
upon the mutual covenants'and promises hereinafter set forth. the 
parties agree as 

1. DEFINITIONS 

follows: - 
I 

1.1 "AffiliatesM shall mean any corporation, partnership, 
or other business organization which directly or indirectly 
controls, is controlled by, or is under common control with BIOGEN. 
For purposes of this Agreement, %ontrol" shall mean the holding 
directly or indirectly of fifty percent (50%) or more of the voting 
stock or other ownership interest of the corporation or business . 
entity involved. -.' 

1.2 "Licensed Patent Rights" shall mean the co-owned 
BIOGEN and HRI patent application listed in Exhibit A, attached 
hereto, and any foreign counterpart patent applications and any 
patents which issue therefrom, 
reissues, 

together with any extensions, 
renewals, divisions, continuations or continuations-in- 

part thereof, and any other co-owned BIOGEN and HRl patent 
applications or patents describing or arising out of the inventions 
covered by the patent application listed in Exhibit Ai 

1.3 "Licensed Product(s)'* shall mean any product which 
falls within the scope of a claim of the Licensed Patent Rights or 
is made in whole or in part in accordance with a process which 
falls within the scope of a claim of the Licensed Patent Rights. 

1.4 "Net Sales" shall mean the gross invoice price of 
Licensed Product(s) sold in any country by BIOGEN or its Affiliates . 

1 
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I 
AfZZ) any to any party other than sublicensees, less deductio 

sales taxes, excise taxes and duties, (ii) packaging, shipping, 
handling and insurance charges, 
for spoiled, damages, 

(iii) allowances and adjustments 

iv) trade discounts, 
outdated or returned LicensedProduct( and 
to the extent such deductions are actually 

illed or credited to the customer. Sales or transfers of Licensed 
roduct(s) between BIOGEN and its Affiliates shall not be deemed 

t Sal 
A 

s unless BIOGEN or its Affiliates are the end users of the 
tens Product(s). 

1.5 lVSublicense Income" shall mean the royalty income actually 
received by BIOGEN or its Affiliates from the sale of Licensed 
Product(s) by BIOGEN's sublicensees, 
withholding or other taxes. 

less deductions for any 
It is agreed that royalty income shall 

not include payments BIOGEN or its Affiliates receive from the 
supply of material, equipment, know-how, technical information and 
the like to BIOGEN's sublicensees, and shall not include the sales 
'or transfers of Licensed Product(s) between BIOGEN -or its 
Affiliates and the sublicensees unless the sublicensees are the end 
users of the Licensed Product(s). 

2. LICENSE GRANT 

2.1 Subject to the terms and conditions hereinafter set 
forth, BRI hereby grants to BIOGEN and its Affiliates a worldwide 
license, with the right to grant sublicenses, under the Licensed 
Patent Rights to make, have made, use, sell, and have sold Licensed 
Product(s), Such license shall be exclusive except that BRI 
reserves the right to use the Licensed Patent Rights for 
noncommercial research and educational purposes. 

3. PAYMENTS 

3.1 In consideration for the contribution to the scientific 
and technical developments. relating to Licensed Products by the 
HRI, BIOGEN shall pay the following non-refundable fees to BRI: 

(3 

(b) 

(cl 

within thirty 

first Investigational New Drug application to the United 
States Food and Drug Administration (IgFDA") for a 
Licensed Product. 

ithin thirty 
rst 

Application to the FDA for a Licensed Product. 
New Drug 
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W q m withinthirty 
(30) days of the FDA's approval' of Biogen's first New 
Drug Application for a Licensed Product. 

3.2 In consideration for the rights granted by BRI to BIOGEN 
hereunder, BIOGEN shall pay to ERI: 

(a) 

A minimum annual royalty of 

%!%!?e of Licensed Pro 
beginning with the calendar year following the 

(b) A royalty on the cumulative annual Net Sales of Licensed 
Product according to the following schedule: 

Cumulative Annual Net Sales Rovaltv Percentacre 

(cl A royalty of I_-- of the Sublicense 
Income received by BIOGEN and its Affiliates. 

3.3 BIOGEN shall be entitled to credit any minimum annual 
royalty paid to BRI in a calendar year pursuant to Section 3,2(a) 
against any royalties earned in that same calendar year and due to 
BRI pursuant to Section 3.2(b). 

3.4 Unless this Agreement is terminated pursuant to Article 9, 
BIOGEN shall, within sixty (60) days after the last days of June 
and December in each year during the term of this Agreement, 
provide HRI with an accounting of Net Sales dnd/or Sublicense 
Income for the immediately preceding six (6) month period' (the 
Royalty Period). Further, BIOGEN shall provide BRI with an 
accounting of the royalties due with respect to the preceding six 
(6) month period and shall, at the time when it delivers such 
account, make payment of the amount of royalty payment due under 
this Article 3. 

3.5 BIOGEN shall keep (or cause to be kept) and maintain 
complete and accurate records of its Net Sales and Sublicense 
Income in accordance with generally accepted accounting procedures; 
Such records shall be accessible for review by BRI or by 
independent certified public accountant selected and paid for Ef: 
HRI and acceptable to BIOGEN (which acceptance shall not be 
unreasonably withheld), not more than once a year at any reasonable 
time during business hours within one (1) year after the end of the 
royalty period to which such records relate, for the purpose of 
verifying any royalty due thereon. The individual conducting such 
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review shall disclose to BRI only information relating to the 
accuracy of the records kept and the payments made, shall be under 
a duty to keep confidential any other information gleaned from such 
records. 

3.6 All monies to be paid to HRI shall be made and computed in 
United States Dollars, and BIOGEN shall use its reasonable efforts 
to convert royalty payments payable on Net Sales and Sublicense 
Income in any country foreign to United States Dollars: provided, 
however, that if conversion to and transfer of Dollars cannot be 
made by BIOGEN in any country for any reason, BIOGEN may pay such 
sums in the currency of the country in which such sales are.made, 
deposited in HRI's name in a bank designated by IiRI in any such 
country, The rate of exchdnge of local currencies to United States 
Dollars shall be at the rate of exchange in force on the last 
business day of the Royalty Period as reported by The Wall Street 
Journal. 

order 
3.7 If BIOGEN.or its Affiliates or their sublicensees, in 

to operate under or exploit the licenses granted under 
Article 2 of this Agreement in any country, is required to make any 
payment (including, 
payments, 

but. not limited to, royalties, up-front 
option fees or license fees) to one or more third parties 

to obtain a license or similar right in the absence of which the 
Licensed Products could not be used, manufactured or sold in such 
country without violating the property, patent or other right of a 
third party, BIOGEN may deduct from royalties otherwise payable to 
BRI an amount equal! to such payments made during the same Royalty 
Period to such third party , provided that (a) the royalties paid 
to HRI for such Royalty Period shall not be reduced on any payment 
date by more than fifty percent (50%) and (b) BIOGEN provides BRI 
with evidence, 
payments. 

reasonably satisfactory to HRI, of. such third-party 

.4w COMMERCIALIZATION 

4.1 BIOGEN agrees to use reasonable commercial efforts to 
research and develop, obtain regulatory approval and commercialize 
Licensed Product(s) in the United States and agrees to provide HRI 
with written annual reports on such efforts. . 

4.2.BIOGEN shall not use the name of HRI, the New York State 
Department of Health or New York State in any advertising 
or promotional sales literature without the prior written consent 
of BRI, except that BIOGEN may state that it is licensed by BRI 
under the Licensed Patents Rights. 

5. WARRANTIES 

5.1 Each party represents and warrants that it has the full 
power and authority to enter into this Agreement and that entering 
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into this Agreement does not breach any existing agreements already 
signed by that party. 

5.2 Nothing herein 'contained shall be construed by either 
party hereto as a representation or warranty that the exercise of 
the licensed rights will not constitute an infringement of the 
intellectual property rights of third parties. 

5.3 BIOGEN agrees that HRI shall have no responsibility, or 
liability with respect to any Licensed Product and agrees to hold 
BRI, the New York State. Department of Health and New York State 
harmless from any and all damages, losses, costs and expenses which 
they incur as a result of any action,.claim or'demand as a result 
of activities by BIOGEN, its Affiliates and sublicensees arising 
out of or relating to Licensed Product. 

564 BIOGEN, its Affiliates and its sublicensee(s) agree to 
comply with all regulations and safety standards of government 
agencies such as the Consumer Product Safety Act and the Food and 
Drug Act. 

\ 
6. PATENTS 

6.1 BIOGEN shall be responsible for, and bear t 
the filing, prosecution, issuance, enforcement, 
maintenance of the Licensed Patent Rights>-@'& 
Sci+icn 6.2 be&. 

6.2 BIOGEN and HRI shall promptly notify the other in writing 
of any actual or threatened infringement of any Licensed Patent 
Rights, and shall at the same time provide the other with any 
available evidence of infringement. The parties shall then discuss 
what action, if any, each parties believes should be taken in the 
matter. 

(a) In the event BIOGEN, -alone or with an Affiliate or 
sublicensee, wishes to take action in a suit to enforce or 
defend any Licensed Patent Rights, BIOGEN may take action and, 
at its option, join HRI as a plaintiff. BIOGEN, alone or with 
its Affiliates and sublicensees, shall exercise control over 
such action and shall bear all costs thereof, including, but not 
limited to attorney’s fees; provided that HRI may, if it so 
desires, be represented by counsel of its own selection, the 
fees for which counsel shall be paid by HRI. Any recovery from 
such action shall be retained by BIOGEN or shared by BIOGEN, its 
Affiliates or Sublicensees. 

(b) In the event BIOGEN does not take action in a suit to 
enforce or defend any Licensed Patent Rights and HRI wishes to 
take action, HRI may take action and, at its option, join BIOGEN 
as a plaintiff. HRI shall exercise control over such action and 
shall bear all costs thereof, including, but not limited to 
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attorney's fees: provided that BIOGEN may, if it so desires, be 
represented by counsel of its own selection, the fees for which 
counsel shall be paid by BIOGEN. 
shall be retained by IiRI. 

Any recovery from such action 

6.3 In any suit as either party may institute or control to 
enforce or defend the Licensed Patent Rights pursuant to this 
Agreement, the other party hereto agrees, at the request and 
expense of the party initiating or controlling the suit, to 
cooperate in all respects, to have its employees testify when 
requested and to make available relevant records, 
information, samples, specimens, and the like. papers I 

., 

6.4 Neither party may enter into a settlement or consent 
.judgment or other voluntary and final disposition of any suit 
effecting the Licensed Patent Rights without the consent of the 
other party, which consent shall not be unreasonably withheld. 
Notwithstanding the foregoing, the party instituting or controlling 
(as the case may be) any suit referred to in this Article 6 shall 
have the right 'to .settle any claims for infringement upon such 
terms and conditions as it, in its sole discretion, shall determine 
(including through the granting of a sublicense by BIOGEN). 

6.5 In .,the event an infringement or infringements by third 
parties of"the Licensed Patent -Rights significant 

1s sales of Licensed Product(s) by capturing 
of Biogen's market share, Iv and neither HRI nor BIOGEN elect to 
an infringement suit against such infringer, the royalties 

suant to Article 2 shall be reduced 
of the sums otherwise payable; 

presents information to BRI showing 
the loss of market share and that such infringer has refused to 
enter into a royalty bearing, sublicensing agreement with BIOGEN on 
terms reasonably acceptable to BIOGEN. 

6.6 In the event'that one or more patents, or particular 
claims therein (which read on the Licensed Product) within the 
Licensed Patent Rights expire, or are abandoned, or are declared 
invalid or by a court of last resort', 
decree no appeal is taken, 

or by lower court from whose 

period' allowed therefor, 
or certiorari is not granted within the 

then such patents or particular claims 
shall, as of the date of expiration or abandonment or final decree 
of invalidity as the. case may be, cease to be included within the 
License Patent Rights for the purpose of this Agreement. HRI 
agrees to renegotiate in good faith with BIOGEN a reasonable 
royalty rate under the remaining Licensed Patent Rights which are 
unexpired and in effect, and under which BIOGEN desires to 
a license if BIOGEN can demonstrate that subsequent to such retain 
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expiration, invalidity or abandonment of patents or particular 
claims (but not all of the Licensed Patent Rights) BIOGEN's market 
share of Licensed Products has been reduced by more than w 

7. DURATION AND TERMINATION 

7.1 The license granted hereunder shall continue until 
expiration of the last remaining patent granted from the Licensed 
Patent Rights, 
Article. 

unless earlier terminated in accordance with this 

7.2 The royalty obligations in each country shall end on a 
country-by-country basis upon expiration of the patent granted from 
the Licensed Patent Rights in such country. 

7.3 BIOGEN shall have the right to terminate this Agreement 
upon ninety (90) days prior written notice to IiRI and upon payment 
of a termination fee equal to the minimum annual royalty set'forth 
in Section 3.2(a) of this Agreement. 

7.4 BRI shall have the right to terminate this Agreement: (a) 
in the event BIOGBN materially breaches this Agreement or fails to 
account for or pay royalties or minimum royalties as herein 
provided, provided, however, that if BIOGEN cures the.&aid brelhch 

:A,e,r..;c&fault within ninety (90) days of notice, this license shall 
cokrtinue.in full force and effect; and (b) immediately upon written 
notice to BIOGEN in the event of bankruptcy, liquidation or 
insolvency of BIOGEN. :. c 

shall 
7.5 Upon any termination of this Agreement nothing herein 

be construed to release either party of any obligation 
matured prior to the effective date of such termination, and BIOGEN 
may after the effectiv% date of such termination sell all Licensed 
Product(s) that it may have on hand at the date of termination 
provided that it pays the royalties as provided in this Agreement. 

8. FOTICES 

shall 
8.1 Any notice required or permitted 

be sent in writing by registered 
postage prepaid, return receipt requested, 
courier or hand delivery, addressed to the 
be given as follows: 

If to BIOGEN: BIOGEN, INC. 

to be given hereunder 
or certified airmail, 
or by telecopier, air 

party to whom it is to 

14 Cambridge Center 
Cambridge, MA 02142 
Telecopier: 617 491 1228 
Attention: Vice President - 

Marketing and Business 
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With a copy to: BIOGEN, INC. 
14 Cambridge Center 
Cambridge, MA 02142 
Telecopier: 617 491 1228 
Attention: Vice President- 

General Counsel 

If to HRI: HEALTH RESEARCH INC. 
1683 Empire State Plaza 
Albany, NY 12237 
Telecopier: (518)474-4434 
Attention: Director of Operations 

or to such other address or addresses as may from time to time be 
given in writing by either party to the other pursuant to the terms 

. hereof. 

8.2 Any notice sent pursuant to this Article shall be deemed 
delivered within 5 days if sent by airmail and within 24 hours if 
sent by air courier or hand delivery. 

9. ARBITRATION 

9.1 The parties desire to avoid and settle without litigation 
future disputes which may arise between them relative to this 
Agreement. Accordingly, the parties agree to engage in good faith 
negotiations to resolve any such disputes. In the event they are 
unable to resolve any such.d$spute through negotiation, then such 
dispute shall be submitted to arbitration in accordance with the 
Rules of the American Arbitration Association (hereinafter llRulesn) 
then in effect and the award rendered by the arbitrators shall be 
binding as between the parties and judgment on such award may be 
entered in any court having jurisdiction thereof, provided, 
however, that with respect to any matter in dispute concerning 
rayalties due and payable by one party, such party shall have 
previously exercised 
its rights to havle an auditor examine the records of the other 
party pursuant to Article 3 herein before proceeding, and further 
provided that,a dispute relating to the payments set forth in 
Paragraphs 3.1 and 3.2 of this Agreement which ar 
contention regarding the interpretation or validity 
Patent Rights shall not be submitted to arbitration . 

9.2 Three neutral arbitrators shall be appointed 
American Arbitration Association in accordance with 
such Rules, and at least one of such arbitrators shall be an 
attorney-at-law, and all decisions and awards shall be made by 
majority of them except for decisions relating to discovery and 
disclosures as set forth in Paragraph 9.3 hereof. 
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9.3 Notice of a demand for arbitration of any dispute subject 
to arbitration by one party shall be filed in writing with the 
other party and with the American Arbitration Association. The 
parties agree that after any such notice has been filed, they 
shall, before the hearing thereof, make discovery and disclosure of 
all matters relevant to such dispute. Discovery and disclosure 
shall be completed no later than ninety (90) days after filing of 
such notice of arbitration unless extended upon a showing of good 
cause by either party to the arbitration. The arbitrators may 
consider any material which is relevant to the subject matter of 
such dispute even if such material might also be relevant to an 
issue or issues not subject to arbitration hearing. 

9.4 In the event a patent which iszthe subject matter of an 
award rendered by the arbitrators is subsequently determined to be 
invalid or unenforceable in a judgment rendered by a court of 
competent jurisdiction from which no appeal can or has been taken, 
such award may be modified by a court of competent jurisdiction 
upon application by any party to the arbitration. Any such 
modification shall'govern the rights and *obligations between the 
parties from the date of such modification. 

10. MISCELLANEOUS PROVISIONS 

10.1 Neither party shall assign this Agreement without the 
written consent of the other party which consent shall not be 
unreasonably withheld; provided, however, that either party, 
without such consent, may assign or sell the same to an affiliate 
or in connection with the transfer or sale of all or substantially 
all of its business or in the event of its merger, ccnsolidation, 
or joint venture with another company. Each assignee shall assume 
all obligations of its assignor under this Agreement. No 
assignment shall relieve either party of responsibility for the 
performance of any accrued obligations which such party then has 
hereunder. 

', 
10.2 This Agreement constitutes the entire understanding 

between the parties and may not be varied except by a written 
document signed by both parties. 

10.3 This Agreement shall be construed, governed, interpreted, 
and applied in accordance with the laws of the Commonwealth of 
Massachusetts, except that questions affecting the validity, 
construction, and effect of any foreign patent shall be determined 
by the laws of the country in which the patents were granted. 

10.4 The provisions of this Agreement are severable, and in 
the event that any of the provisions of this Agreement are 
determined to be invalid or unenforceable under any controlling 
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body of law, such invalidity or unenforceability shall not in any 
way affect the validity or enforceability of the remaining 
provisions hereof. 

BIOGEN, INC. 

IN WITNESS WHEREOF, the parties hereto have hereunder set 
their hpnds and seals and duly exe 
day and year first written above. 

Name: Lee J. VanDeCarr 

Title: See/Treasurer 

Date: JUN 4 1990 

10 
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sicensed Patent Riqhts 

1. United States patent application Serial No. 395.482 filed August 
18, 1989, entitled "Novel Inhibitors of Thrombin" 
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AMENDMENT NO. 1 TO LICENSE AGREEMBNT 

I+ 
This Amendment No. 

this S day of April, 
1 to License Agreement is made as of 

Massachusetts 
1996 by and between Biogen, Inc., a 

corporation with its principal offices locked at 
14 Cambridge Center, Cambridge, Massachusetts, 02142 ("Biogen") 
and Health Research, Inc., a not-for-profit corporation with 
offices located at 66 Hackett Boulevard, Albany, New York 12209 

' ("HRI") . . 

Biogen and HRI are parties to a certain License 
Agreement dated as of June 4, 1990 ("License Agreement") under 
which HRI has granted to Biogen a license to BRI!S rights in 
certain jointly-owned patents. Biogen and HRI would like to 
amend Section 10.3. of the License Agreement regarding assignment I 
and sublicensing. Therefore, they agree as follows: 

Section 1. Section 10.1 of the License Agreement shall 
be amended to'read in its entirety as follows: 

10.1 Neither party shall assign this Agreement without 
the written consent of the other party, which consent 
shall not be unreasonably withheld; provided, however, 
that either party without such consent, may assign or 
sell the same to an affiliate or in connection with the 
transfer or sale of all or substantially all of its 
business or in the event of its merger, consolidation 
or joint, venture with another company. Except as 
provided below, each assignee shall assume all 
obligations of'its assignor. 

Each party shall give the other party prior written 
notice of any assignment for which consent is required 
hereunder. If a party providing notice of a proposed 
assignment has not received written objection to the 
assignment from the other party within ten (10) days 
after receipt of the notice, the other party shall be 
deemed to have consented to the assignment for purposes 
of this Section. 

Biogen is co-ot;mer of the Licensed Patent Rights, and 
Biogen may decide to retain its rights and obligations 
under Sections 6.1 through 6.4 of this Agreement 
notwithstanding the assignment of its other rights and 
obligations to a third party. However, whether or not 
Biogen decides to retain such rights and obligations, 
Biogen's assignee, as a condition to such assignment, 
shall be obligated to pay (1) the applicable 
non-refundable fees set forth in Section 3.1 (if they 

ROClO:WO-83543/V1-03542/R-6354S 4/25/96 



_- 

-2- 

have not previously been paid by Biogen), and (2) the 
royalties set forth in Section 3.2 of this Agreement. 

If, in connection with an assignment, Biogen is a 
sublicensee of its assignee,, HRI shall be entitled to 
receive Ii.1 royalties on its assignee's Net Sales 
pursuant to Sections 3.2(a) and (b), and (ii) pursuant 
to Section 3.2(c), royalties on the Sublicense Income 
received by the assignee from sales by Biogen. 

Each party shall properly notify the other party in 
writing of any completed assignment. Except as 
expressly provided above, upon assumption by assignee 
of all or part of this Agreement in accordance with 
this Section 10.1, the obligations assumed by the 
assignee shall cease in their entirety to be 
obligations of the assignor, except that no assignment 
shall relieve either party of its responsibility to the 
other party for the performance of any obligations 
accrued prior to the date of the assignment. . . 
Section 2. The reference in the sixth line of 

Section 6;s of the License Agreement to "Article 2" shall be 
changed to "Article 3." .* 

IN WITNESS WHEREOF, the parties have executed this 
Amendment'as of the date and year first above written. 

. 
BIOGEN, INC. 

Title Lee J.VanDecarr, secmeas, HQ 
Title:.- 

ROClO:WO-B3543/VI-.93542/R-83545 4/25/96 
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INHIB~ORS OF THROMBIN 

CROSS-REPERENCE TO RELATED 
APPLICATION 

This application is a continuation-ii-part of copend- 
ing United States patent application Ser. No. 395,482 
filed August 18, 1989, now abandoned. 

TECHNICAL FIELD OF INVENTION 
This invention relates to novel biologically active 

molecuta which bind to and inhibit thrombm. Spa%- 
ulIy, these molccula are character&d by a thrombin 
atdon-btnding exosite associating moiety (ABEAM), a 
linker portion of at least 18 A in length; and a thrombin 
catalytic sitedirectal moiety (CSDM). This invention 
al80 relates to compositions, combinations and methods 
which employ these molecules for therapeutic, prophy- 
Iaotic and diagnostic purposes. 

BACKGROUND ART 
Acute vascular diseases, such ,as myocardial infarc- 

tion, stroke, pulmonary embolism, deep vein thrombo- 
sis, peripheral tierial occlusion, and other blood sys- 
tem thromboses constitute major health risks. Such 
disasa are caused by either partial or total occlusion of 
a blood vessel by a blood clot, which contains tibrin and 
platelets. 

Current methods for the treatment and prophylaxis of 
thrombotic diseases involve therapeutics which act in 
one of two different ways. The first type of therapeutic 
inhibits thrombin activity or thrombin formation, thus 
preventing clot formation. These drugs also inhibit 
platelet activation and aggregation. The second cate- 
gory of therapeutic accelerata thrombolysis and dis- 
solves the blood clot, thereby removing it from the 
blood vessel and unblocking the flow of blood [J. P. 
Cazenave et al., Agents Action. 15, Suppl., pp. 24-49 
(1984)]. 

Heparin, a compound of the former class, has been 
widely used to treat conditions. such as venous throm- 
boembolism, in which thrombin activity is responsible 
for the development or expansion of a thrombus. Al- 
though effective, heparin produces many undesirable 
side effects, including hemorrhaging and thrombocyto- 
penis. This has led to a search for a more specific and 
las toxic anticoaguiant. 
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Hirudin is a naturally occurring polypeptide which is 
produced by the blood sucking leech M&o m&&a- 
lis This compound, which is synthaixed in the salivary 50 
gland of the leech, is the most potent natural inhibitor of 
coagulation known Hirudii prevents blood from coag- 
ulating by binding tightly to thrombin 
(&=2X10-llM) in a I:1 stoichiometric complex IS. 
R. Stone and J. Hofsteenge, “R&n&s of the Inhibition 55 
of Thrombin by Hi”, Bbchemdy, 25, pp. 4622-28 
(1986)]. This in turn, inhibits thrombii from catalyzing 
the conversion of fibriaogen to fibrin (clot), as well as 
inhibiting all other thrombin-mediated p- [J. W. 
Fenton, II, “Regulation of Thrombii Getter&on and SO 
Functions”, Semi& 77wmb. Hemart. 14, pp. 2M 
(1988)j. 

The actual binding between hirudin and thrombii is a 
two-step process. Initially, hi&ii binds to a “low” 
afBmity site on the thrombii mokcde (I&= 1 x IO-%) 65 
which is separate from the catalytic site. This binding 
involva interaction of structure from the C-terminus of 
hirudin with an “anion-binding exosite” (ABE) in 

2 
thrombin [J. W. Fenton, II et al., “Thrombin Anion 
Binding Exosite Interactions with Heparin and Various 
Polyanions”. Ann New York Acad. S&, 556, pp. 158-65 
(1989)]. Following the low atiinity binding, the hirudin- 
thrombin complex undergoes a conformational change 
and hirudin then binds to the “high” afIitity site on 
thrombin [S. Kono et al., “Analysis of Secondary Struc- 
ture of Hirudin and the Conformational Change Upon 
Interaction with Thrombin”, Arch. Biochcm Biophys.. 
267, pp. 158-66 (1988)J. This latter site corresponds to 
the active site of thrombin. 

The isolation, purification and chemical composition 
of hirudin are known in the art Ip. Waismann and F. 
Mukwudt, “Biochemical and Ph amacologicd As- 
pects of the Thrombin Inhibitor Hi, Pharmazie, 
36, pp. 653-60 (198111. More recently, the complete 
amino acid sequence of the polypeptide has bun eluci- 
dated [J. Dodt et al., “The Complete Covalent Struc- 
ture of Hirudin: Lccahzation of the Disulfide Bonds”, 
BioL Chrm Hoppe-Scykr. 366, pp. 379-85 (i985> S. J. T. 
Mao et al., *Rapid Purification and Revised Amino 
Terminal Sequence of Hirudin: A Specific Thrombin 
Inhibitor of the Blood-Sucking Leech”, AnaL B&hem. 
161, pp. 514-18 (1987); and R. P. Harvey et al., “Clon- 
ing and Expression of a cDNA &ding for the Anti- 
Coagulant Himdin from the Bloodsucking Leech, Hi- 
rude medicinalir”, Pnx. NatL Acad Sci USA. 83, pp. 
lo&e88 (1986)]. 

At least ten different isomorphic forms of hi&ii 
have been sequenced and have been shown to differ 
slightly in amino acid sequence [D. Tripier, “Hirudii: A 
Family of &o-Proteins. Isolation and Sequence Deter- 
mination of New Hirudins”, Folia Huematol, 115, pp. 
30-35 (1988)]. All forms of hirudin comprise a single 
polypeptide chain protein conuining 65 or 66 amino 
acids in which the amino terminus primarily comprises 
hydrophobic amino acids and the carboxy terminus 
typically comprises polar amino acids. More special- 
tally, all forms of hirudin are characterized by an N-ttr- 
mitral domain (residues l-39) stabihzed by three disul- 
fide bridges in a l-2,3-5, and 4-6 halfcystcinyl pattern 
and a highly acidic C-tern&l segment (residues 
40-65). In addition, the C-t&minai segment of hirudin is 
characterixed by the presence of a tyrosine residue at 
amino acid position 63 which is sulfated 

In animal studies, hirudin, purified from leecha, has 
demonstrated efftcacy in preventing venous thrombosis, 
vascular shunt occlusion and thrombin-induced disumi- 
Mtai intravsacular cmagdation. In .addition, himdin 
exhibits low toxicity, little antigen+ and a very short 
clearance time from circulation F. Markwardt et al., 
“PhamucdogkaI Studia on the Antithrombotic Ac- 
tion of Hirudim in Experimental Animals”, Thromb. 
Haemm. 47, pp. 226-29 (198211. 

In an effort to create a grater supply of hirudin, 
attempts have been made to produce the polypeptide 
through recombinant DNA techniques. The presence of 
an O-sulfated tytvsine &due on native h&din and th 
inability of kkmorga&smi to perfor& a similar protein 
tnodifi&on made the prospect of recombinant iroduc- 
tion of biologically active hirudin highly speculative. 
The observation that desulfatohirudins were almost as 
active ,qs their sq&ated counterparts [U.S. Pat. No. 
4,654,302], however, led the way to the cloning and 
expression of hirudim in EEcali [Europun patent applica- 
tions 158,564,168,342 and 171,024] and yeast puropean 
patent application 200,655]. Despite these advance, 
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hirudin is still moderately expensive to produce and it is 
not widely available commercially. 

Recently, efforts have been made to identify peptide 
frpgments of native hirudin which are also effective in 
prolonging cIotting times. An unsulfated 21 amino acid 5 
C-terminal fragment of hirudin, N-acetylhin~dinr~s, 
inhibits clot formation in vitro. In addition, several 
other smahr, unsulfated peptides corresponding to the 
C-terminal 11 or 12 amino acids of hirudin &sidues 
SS-65 and 54-65) have also demonstrated ef&acy in 10 
inhibiting clot formation in vitro [J. L. Krstenansky et 
al.. “Antithrombin Properties of C-terminus of Hirudii 
using synthetic Unsulfated +Xtyl-hinldin4~s”, 
FEBS La 211, pp. lo-16 (1987)]. Such peptide frag- 
tnents, however, may not be iially satisfactory to dis- 15 
solve blood clots in on-going therapy regimens because 
of low activity. For example, N-ace@-hirudin,+s+ts has 
a specific activity four orders of magnitude lower than 
native hirudin. 

In addition to catalyzing’ the formation of a fibrin 20 
cIot, thrombin has several other bioregulatory roles [J. 
W. Fenton, II, “Thrombin Bioregulatory Functions”, 
Adv. Clin. EnzymcL, 6, pp. 186-93 (1988)]. For example, 
thrombin directly activates platelet aggregation and 
release reactions. This means that thrombin plays a 25 
central role in acute plateletdependent thrombosis [S. 
R. Hanson and L. A. Harker, “Interruption of Acute 
Platelet-Dependent Thrombosis by the Synthetic Anti- 
thrombin D-Phenylalanyl-L-Prolyl-L-Arginyl- 
chloromethylketone”, Pmt. NatL Acad. Sci USA. 85, 30 
pp. 3184-88 (198811. Thrombin can also directly acti- 
vate an inflammatory response by stimulating the syn- 
thesis of platelet activating factor (PAF) in endothelial 
AIs [S. Prescott et al., “Human Endothelial %e2fs ‘in 
Culture Produce Platelet-Activating Factor (I-alkyl-2- 35 
acetyl-sn-glycero-3-phosphocholine) When Stimulated 
With Thrombin”, Proc. Nafl. Acad. Sci USA, 81, pp. 
3534-38 (1984)]. PAF is exposed on the surface of endo- 
thelial cells and serves as a ligand for neutrophil adhe- 
sion and subsequent degrauulation [G. M. Vercolletti et 40 
al., “Platelet-Activating Factor Primes Neutrophil Re- 
sponses to Agonists: Role in Prom&ng ‘Neutrophil- 
Mediated Endothelial Damage”, Elc4 71, pp. 1100-07 
(1988)].’ Alternatively, thrombin may promote inflam- 
mation by increasing vascular permeability which can 45 
lead to edema Ip. J: Del Vecciiio et al., “Endothelial 
Monolayer Permeability To Macromolecules”, Fed 
Pmt., 46, pp. 251 I-15 (1987)J. Reagents which block the 
active site of thrombin, such as hirudin, interrupt the 
activation of plateleta and endotl&l cells [C. L. 
Knupp, ‘Effect of Thrombii Inhibitors on Thrombin- 
Induced Release and Aggregation”, Thrcmbatir Re.s, 
49, pp. 23-36 (1988)]. 

50 

Thrombin ha also been implicated in promoting can- 
cer, based on the ability of its native digestion product, 
fibrin, to seme as a substrate for tumor growth [A. 
Falanga et aL, “Isolation and Characterization of Can- 
cer Procoagulmt: A Cyst&tie Proteinase from Malig- 
nant Tissue”, Bkxhemkby, 24, pp. 5558-67 (1985); S. G. 
Gordon et al., “Cysteine Proteinase Procoagulant From 
Amnion-Chorion”, Blood, 66, pp. 1261-65 (1985); and 
A. Falmga et al., “A New Procoagulant in Acute Leu- 
kemia”, BIoad 71, pp. 870-75 (1988)]. And thrombin has 
been implicated in neurodegencrative dii based on 
its ability to cause neurite retraction [D. Gurwitt et al., 
“Thrombin Modulates and Reverses Neurobtastoma 
Neurite Outgrowth”, Pmc NaiL Acad Sci USA. 85, pp. 
3440-M (1988)J. Therefore, the ability to regulate the in 

55 
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ho activity of thrombin has many important clinical 
implications. 

Despite the deveIopments to date, the need still exists 
for a molecule that effectively inhibits thrombin func- 
tion in clot formation, platelet activation and various 
other thrombin-mediated processes and which can be 
produced inexpensively and in commercially feasible 
quantities. 

SUMMARY OF THE INVENTION . 
The present invention solves the probiems enumer- 

ated above by providing molecules which mimic the 
action of hirudin by binding to both the low afBnity 
anion-binding exosite (ABE) and the catalytic site of 
a-thrombin. These molecules are more potent than 
hirudin and, therefore, they may be administered to 
patienb in dosages which are comparatively lower than 
those required in hirudin-based therapy regimens. The 
molecules of this invention may be utilized in composi- 
tions and methcds for inh$iting any thrombin-mediated 
or thrombi&ssociated function or process. Pharmaceu- 
tical compositions containing these molecules, as well as 
methods of treatment or prophylaxis of vascular dis- 
eases, inflammatory responses, carcinomas, and neuro- 
degenerative diseases using them are also part of the 
present invention. These molecules may also be em- 
ployed in compositions and methods for ex vivo imag- 
ing, for storing and treating extracorporeal blood and 
for coating invasive devices. And the molecules of this 
invention may be administered to a patient in combina- 
tion with a fibrinolytic agent to increase the efficacy of 
a given dose of that agent or to lower the dose of that 
agent required for a given effect, such as dissolving a 
blood clot. 

Due to their high potency and the fact that they may 
be prepared by chemical synthesis techniques, themole- 
cules of the present invention may be prepared inexpen- 
sively, in commercially feasible amounts. Moreover, 
because the molecules of the present invention are sig- 
nificantly smaller than hirudin, they are less likely to 
stimulate an undesirable immune response in patients 
treated with them. Accordingly, the use of these throm- 
bin inhibitors is not limited to the treatment of acute 
disease. These molecules may also be utilized in therapy 
for chronic thromboembolic diseases, such atheroscler- 
osis and rest&o& following angioplasty. The mole- 
cules of the present invention may also be utilized in a 
variety of other applications in place of natural or re- 
combinant hirudin. 

As will be appreciated from the disclosure to follow, 
the molecules, compositions and methods of this inven- 
tion are useful in the treatment and prevention of vari- 
ous d&eases attributed to the undesirable effects of 
thrombin, as well as for diagnostic purposes. 

BRIEF DE%XIPTION OF THE DRAWINGS 
FIG. 1 depicts an autoradiograph of an SDS-polya- 

crylamide gel demonstrating the binding of DNFB- 
[35S]-Sulfo-Tyr63h.irudin54~ to human a-thrombii in 
the presence or absence of Sulfa-Tyres-N-acetyl- 
biludin53u. 

FIG. 2 depicts a three4irn&ional m&e1 of human 
a-thrombii 

FIG. 3, panel A, depicts the effects of Hirulog-8 and 
Sulfa-Tyr&irudii~s-6, on the cleavage of Spec- 
trkyme TH Sy hunian u-thrombii. 

FIG. 3, panel B, depicts a Limeweaver-Burke plot of 
the cleavage of Spectrozyme TH by human a-thrombin 
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in the presence or absence of either Hiiog-8 or Sulfo- 
Tyrahirudin~~ 

FIG. 4 depicts the effect of varying concentrations of 
Hintlog-8, hi&in, or Sulfa-Tyrs-N-acetyl-hintdins. 
3-64 on the activated partial thromboplastin time of nor- 5 
malhumanserum. 

FIG. 5, panel A, depicts the time course for cleavage 
of varying concentrations of Hirulog-8 by human a- 
thrombin. 

FIG. 5, panel B, depicts the relationship between lo 
Hirulog-8 concentration and the duration of inhibition 
of Spectrosy~~~e ‘IX hydrolysis by human a-thrombin. I ., ,_/.. 

FIG. 6 depicts the eff’t of Iiriker length of“& 
thrombin inhibitors of this invention on the inhibition of ,5 
thrombin~talyxed hydrolysis of Spectroayme TH. 

FIG. 7 depicts the inhibitory effects of varying con- 
centrations of Hindog-8 or Sulfa-Tyr&+J-acetyl- 
hirudinssu on the modification of thrombii by 1% 
DEP. 

FIG. 8 depicts the in vivo effect of varying doses of M 
Hiilog-8 on AFT’ in baboons. 

FIG. 9 depicts the comparative inhibitory effects of 
Hintlog- or heparhi on the hydrolysis of fibrinogen by 
soluble or clot-bound thrombin. 

FIG. 10 depicts the in viva effects of varying doses of 
25 

Hirulog-8 on platelet deposition on an endarterecto- 
mixed segment of baboon aorta. 

FIG. 11 depicts the in vivo effects of varying doses of 
Hirulog-8 on piatelet deposition on a segment of colla- 30 
gen-coated tubing inserted into a baboon. 

FIG. 12 depicts the comparative in vivo effects of 
heparin, hintdin and Hirulog-8 on platelet deposition on 
a segment of collagen-coated tubing inserted into a 
baboon AV shunt. 35 

FIG. 13 depicts the in vivo effects of varying doses of 
Hirulog-8 on fibrin deposition on a segment of collagcn- 
coated tubing inserted into a baboon AV shunt. 

FIG. 14 depicts the change in APTT over time fol- 
lowing intravenous bolus injection of baboons with 40 
Iiirulog-8. 

FIG. 15 depicts the change in APTT over time fol- 
lowing subcutaneous injection of baboons with Hii- 
log-S. 

FIG. 16 depicts the comparative in vivo effects of 45 
tissue plasminogen activator together with either saline, 
heparin, hirudin or Hit&g-S on reperfusion time in a 
rat model. 

FIG. I7 depicts the comparative in viva effects of 
t&sue plasminogen activator together with either saline, 50 hepuin, hirpdin or Hiruiog-8 ‘On &,d& iim‘i h’a 

rat model. 
FIG. 18 depicta the comparative in vivo effects of 

tissue plasminogm activator together with either saline, 55 
heparin, hirudin or Hhulog-8 on AFlT in a rat model. 

FIG. 19 depicts the comparative in viva effects of 
tissue pl8sminogen activator together with either s&e, 
s hirudio or Hirulog-8 on i&se1 p&nc$ iir a tit 

FId. W depicts the effect of varying doses of Hiru- 
60 

log-8 on bleeding times in a baboon model. 

DETAILED DESCRIPTION OF THE 
INVENTION 65 

The following common abbreviations of the amino 
acids are used throughout the specification and in the 
claims: 

6 

Gly - glycine 
v8I - vdine 
UC - iaoleuciue 
Phe - pbenylahine 
Ma - ultthioninc 
nlr - lhrtoaine 
Tyr - tyrosine 
GIc - ghamine 
Glu - #hamic acid 

His-hislidiie 
Arc - uginiue 
Me - uorkucint 

wyp - bydmxypmiillt 
AC-8CttyI 

PC1 - phcnylJyciflc 
sue - cuccinyl 

Boc - ctrcButoxyarbony1 
cbx - c8ckbxyIoxy 

Tos - puaTohKlKdrmyI 
D-Ah - D4iMine 

3,4.&bydmPro - 3.4,. str-mmaiae 
dthy&OpfObJlt 

Tyr(Osogt) - tyraint 
Oli-~Y~dYcw 

df8te 
MWW&- tyraine 

3-e SdiiodoTyr - 3-,S- ., 
we 

The term “any amino acid’* as used herein includes 
the L-isomers of the naturally occurring amino acids, as 
well as other “non-protein” a-amino acids commonly 
utilized by those in the peptide chemistry arts when 
preptig synthetic analogs of naturally occurring 
amino peptides. The naturally occurring amino acids 
are glycine, alanine, vahne, leucine, isoleucine, serine, 
methionine, threonine, phenylalanine, tyrosine, trypto- 
@WI, cyJtein+ proline, histidine, aspartic acid, aspara- 
gine, gMamic acid, glutamine, ycuboxyglutamic acid, 
arginine, omithine and lysine. Examples of “non- 
protein” a-amino acids include norleucine, norvaline, 
alloisoleucine, homoarginine, thiaproline, dehydropro- 
line, hydroxyproline (Hyp), homoserine, cyclohexylg- 
lycine (Chg), a-amino-n-butyric acid (Aba), cyclohex- 
ylalanine (Cha), aminophenylbutyric acid (Pba), 
phenylalanines substituted at the ortho, meta, or para 
position of the phenyl moiety with one or two of the 
following: a (Cl-~4) alkyl, a (Cl-C.+) alkoxy, halogen or 
nitro groups or substituted with a methylenedioxy 
group; P-2- and 3-thienylal-alanine, B-2- and 3- 
fbrany1alanine. B-2-. 3- and 4-pyridylalanine, B-fbenzo- 
thienyl-2- and 3-yl)alanine, B-(1- and 2-naphthyl)ala- 
nine, O-alkylated derivatives of serine, threonine or 
tyrosine, S-alkylatcd cysteine, S-alkyiated homo- 
cysteine, O-sulfate, O-phosphate and O-carboxylate 
esters of tyrosine, 3- and S-sulfonyl tyrosine, 3. and 
S-carbonyl tyrosine, 3- and S-phosphonyl tyrosine, 4- 
methylsulfonyl tyrosine, Cmethylphosphonyl tyrosine, 
Cphenylacetic acid, 3,5dii&lotyrosine, 3- and 5- 
nitrotyrosine, a-akyl lysine, delta-slkyl ornithine, and 
the D-isomers of the naturally occuning amino acids. 

The term “~timt” as used in this application refers 
to any mammal, especially humans. 

The term “anionic amino acid” u used herein means 
a mete, para or ortho, mono- or di-substituted phenylal- 
anine, cyclohexylalanine or tyrosine containing a car- 
boxy& phosphoryl or sulfonyl moiety, as well aa S- 
akylatal cpteine, S-alkylated homocysteinc. y-cubox- 
yglutunic acid, r-alkyl lysine, delta-a&y1 omithint, 
glutamic acid, and asputic acid. Examples of anionic 
amino acids are phosphothreonine, phosphoserine, 
phosphotyrosine, 3-, C, or 5-sulfotyrosine, 3.methyl 
phosphonyltyrosine and 3-methy sulfonyltyrosine. 

The terms “catalytic site”, “active jite” and “active 
site pocket” aa used herein, each refer to any or all of 
the following sites in thrombin: the substrate binding or 
“Sl” site; the hydrophobic biding or “oily” site; and 
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the site where cleavage of 6 substrate is actually carried 
out (wlarge relay site”). 

The term ‘W”‘” as used herein, refers to the side 
chain nitrogen of on&&e. The term ‘W’ refers to any 
of the side chain nitrogens of argiaine. Tb6 term u&” J 
refers to the a-amino &up of an amino acid. And the 
term “DS?’ u used in the tmecification and claims. refers 
to the-@acement of an-amide bond with the. atoms 
designated in brackets, according to the nomenclature 
described in J. Rudinger, In Drug Des&n, VoL II, E J. 10 
Ariens, ed., Academic Press, New York, p. 319 (1971). 

The term ‘backbone chain” as used berein, refas to 
the portion of a CbemicaI strutWe that ddines the 
smallest number of consecutive bonds that can be traced 
from one end of that chemical structure to the other. 15 
The rtomic components that make up 8 brckbone chain 
may comprise any atoms that are capable of forming 
bonds with at least two other atoms. 

For example, each of the following chemical struc- 
tures is char- by a backbone chain of 7 atoms 2. 
(the atoms which comprise the backbone chain are 
indicated in boldface): 

w 0 R _. 
I il I- 

H/N,fy.N/~.C/O,H 

! 
$l$“i 

25 

H I HTHPHP 30 

H H H 

35 

40 

4s 

The term “calculated length” as used in this applica- 
tioh refers to a predicted measurement derived by sum- 
ming up the bond lengths b&veen the atoms which 
comprise the backbone chain. Bond lengths between 50 
8ny two given atoms are well known in the art [scq for 
exampIe, CRC Handixwk of Chemishy and Phys& 65th 
J?mia~ R. c. Weisk ed., CRC Press, rllc., Boa Raton, 
Fla., pp. F-1670 (1984)]. 

The present invention relms to moleculea which 55 
bind to and inhibit thrombin. These molecules are cbar- 
uxerked by three doma& a catalytic site4irected 
moiety (“CSDM”), a linker region, and an anion bind- 
ing exmite associating moiety PABEAM”). 

According to the praeut invention, the i?rst domain, 60 
CSDM, binds to the catalytic site of tbrombin located at 
or near about Ser-195 and inhibits or retards the amido- 
lytic or cstereolytic activity of thrombin. Preftibly, 
CSDMs of the present invention are selected from one 
of three general groups: those which bind reversibly to 65 
thrombm md are slowly cleaved; those which bind 
reversibly to tkombin and caunot be cle.avu& and those 
which bind irreversibly to thrombin. Reversible inhibi- 
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tars bind to the active site of thrombin through non- 
covalent interactions, such as ionic bonds, hydrophobic 
interactions or hydrogen bonding. Irreversible CSDMs 
form covalent bonds with thrombin. 

According to a preferred embodiment, the CSDM 
which binds reversibly to thrombin and is slowly 
cleaved has the formula: 

wherein X is hydrogen or is characterixed by a back- 
bone chain consisting of from 1 to 35 atoms; Al is Arg, 
Lys or Orq AZ is a non-amide bond; As is characterized 
by a backbone chain consisting of from 1 to 9 atoms; and 
Y isabond. 

The non-amide bond component according to this 
embodiment may be formed by chemicaIly modifying 
an amide bond. This may be achieved by methods well 
known in the art [M. Sxclke et al., “Potent New Inhibi- 
tors of Human Renin”, Nature, 299, pp. 555-57 (1982); 
D. H. Coy et al., “FaciIe Solid Phase Preparation of 
Proteins Containing the CHrNH Peptide Bond Iso- 
stere and Application to the Synthesis of Somatostatin 
(SRIF) Octapeptide Analogues”, Peprides 1986, D. 
Theodoropoulos, Ed., Walter DeGruyter & Co., Berlin, 
pp. 143-46 (198711. When a non-amide bond is formed in 
this manner, it is preferable that the chemical modifica- 
tion be performed prior to the addition of the dipeptide 
containing this bond to the other components of CSDM 
or to the rest of the thrombin inhibitor molecule. In this 
manner, the dipeptide Ar-Az-Aj is added en bloc, in 
a single synthesis step, to the rest of the molecule. 

According to a more preferred embodiment, Al is 
Arg and A3 is Pro, D-Pro or Sar. In this embodiment 
A2 is a naturally occurring imidc bond, which is slowly 
cleaved by thrombm. This avoids having the necessity 
of pre-forming the non-amide bond and allows AI and 
A3 to be added to the rest of the molecule sequentially 
rather than en bloc. 

As set forth above, CSDMs according to this invcn- 
tion may bind irreversiily to thrombm. Examples of 
irreversible CSDMs include, but are not limited to, 
general serine proteinase inhibitors, such as phenylme- 
thylsulfonylfluoride (PMSF), diipropylfluorophos- 
phate (DFP). tosylprolyIchioroniethylketone (TPCK) 
and tosyllysylchloromethylketone (TLCK); heterocy- 
die protease inhibitors, such as isocoumarins; thrombm- 
specific inhibitors, such as D-Phe-Pro-Arg-CHCI2 
(PPACK); and transition state anaiogues, such as di- 
fluoroketomethykne. 

According to another preferred embodiment of the 
present invention, non-cIeavable, reversible CSDMs 
consist of the fimnula: 

X-cl-Q-h-Y, 

wherein Cl is a derivative of Arg, Lys or Orn character- 
ixed by a reduced carboxylate moiety or a carboxylate 
moiety that is displaced from the a-carbon by a chemi- 
cal structure characterized by a backbone chain of from 
1 to 10 atoms; C2 is a non-cleavable bond; and X, Y and 
A, are as defined previously. Examples of Cl compo- 
nents are &homoarginine; arginine containing a re- 
duced carboxyiate moiety, such. as Arg[psiCH$?Hj; 
B-homolysine and B-homocmithine. 

Other non-cleavable, reversible CSDMs that may be 
employed in the thrombin inhibitors of this invention 
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are benxamidine, DAPA. NAPAP and argatroban (ar- 
gipidine). 

For those thrombin inhibitors of this invention which 
have CSDM regions charactetixed by an A2 or C2 bond, 
the term “PI-PI”’ sequence as used herein, refers to 
the two chemical structures joiied by said bond. 

5 

10 

15 

The X component of CSDM, which d&&b? partici; 
pate in actually binding to the catalytic site, can be of 
unlimited length and variable make-up. However, for 
practical purposes and reduced cost of synthesis, X is 
preferably charactexized by a backbone chain consisting 
of from 1 to 35 atoms and does not exceed a calculated 
length of 36 k It is preferred that X be a peptide, most 
preferably, D-Phe-Pro. This most prefmble embodi- 
ment allows the X componeut to fit into a groove in 
thrombin that is adjacent to the active site [S. Bajusx et 
al., “Inhiiition of Thrombin and Trypsin by Tripeptide 
Aldehyda”, Int /; Peptide lhtein Res, 12, pp. 217-21 
(1978); C. Kcttner et al., “D-Phe-Pro-Arg-CH$l-A 
Selective AfRnity Label for Tbrombin”, 27tmmb. Rcr, 20 
14, pp. 969-73 (1979)]. This allows the CSDM campo- 
nent and therefore the molecules of the present inven- 
tion, to bind to thrombin with an advantageously high 
degree of affinity and optimal specificity. 

According to the present invention, the second corn- 25 

.^ _..n 
molecule is to provide a bridge between the CSDM and 
the ABEAM,it is the length of the linker, rather than its 
structure, that is of mime imbortance. The calculated 30 
length of the back&e chain- which chZZZZ% 
linker must be at least about 18 A-the distance be- 
tween the catnlytx ste and the anion biding exosite of 
drombin-and less than about 42 A. 

The backbone chain of the linker may comprise any 35 
atoms which are capable of bonding to at least two 
other atoms. Preferably, the backbone chain consists of 
any chemically feasible combination of atoms selected 
from oxygen, carbon, nitrogen and sulfur. Those of skill 
in the art are aware of what combination of the above 40 
backbone chain atoms falls within the required length 
based on known distances between various bonds [see, 
for example, R. T. Mortison and R. N. Boyd, Oganic 
Chemistv, 3rd Edition, Allen and Bacon, Inc., Boston, 

45 

50 
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Peptida which are homologous to the carboxy tertni- 

nal portion of hi&in have been shown to bind to the 
anion binding exosite on thrombin [copending U.S. 
patent application Ser. No. 314,756 and J. M. Maraga- 
nore et al., “Anticcqulant Activity of Synthetic Hiru- 
dim Peptides”, J. Biol Chem.. 264, pp. 8692-98 (1989); 
both of which are herein incorporated by reference]. 

According to a preferred embodiment of this inven- 
tion, ABEAM is homologous to amino acids 56-64 of 
hirudiu, i.e., Bt is Glu; Bt is Glu; B7 is Ile; B4 is Pro; B5 
is Glu; Bs is Glu; B7 is Tyr-Leu, Tyr(SO3H)Leu or 
Tyr(OSO#)-Leu, or (3~,5diiodoTyr)-Lcu; Bs is a 
bond; and Z is OH. It should be noted that native biru- 
din contains Tyr(OSO3H) at position 63. However, 
carboxy t+mnbd hirudin pcptida which contain Tyr(- 
SO3H) have identical anticoagulant activity as those 
which contain the native Tyr(OSO3H) [see copending 
U.S. patent application Ser. No. 314,754. 

Other ABEAM components within thi same of this 
invention may comprise those portions of any molecule 
known to bid to the anion biding site of thrombin. 
‘&se include ammo acids 1675-1686 of Factor V. 
amino acids 272-285 of platelet glycoprotcn Ib, amind 
acids 42W of thrombomodulin, amino acids 245-259 
of prothrombin 2 and amino acids 30 to 44 of fibrinogen 
Au chain. In addition, the ABEAM component may be 
selected from any of the hirudin peptide analogua de- 
scribed by J. L. Rrstenansky et al., “Development of 
MDL-28,050, A Small Stable Antithrombin Agent 
Based On A Functional Domain of the Leech protein, 
Hirudin”, Thromb. Huemostar. 63, pp. 208-14 (1990). 

The preferred thrombii inhibitors of this invention 
are termed Himlogs, and are described in the subse- 
quent examples. The most preferred Hiiogs are Hiru- 
log-8, Hintlog-12, Hinrlog-18a, Hirulogl8b and Hiru- 
log-33. Hirulog-8, -12 and -33 are reversible thrombin 
inhibitors that are slowly cleaved. Hirulog-18a and -18b 
are reversible inhibitors which are not cleaved. 

The thrombin inhibitors of the present invention may 
be synthesixed by various techniques which arc well 
known in the art. These include enxymatic cleavage of 
natural or recombinsnt hirudin, recombinant DNA 
techniques, solid-phase peptide synthesis, solution- 
phase peptide synthesis, organic chemical synthesis 
techniques, or a combination of these techniques. The 
choice of synthesis technique will, of course, depend 
upou the composition of the puticular inhibitor. In a 
preferred cmbodimcnt of this invention, the thrombin 
inhibitor is entirely peptidic and is synthesixed by solid- 
phase peptide synthesis techniques, solution-phase pep 
tide synthesis techniques or a combination thereof 
which constitute the most cost-efficient procedures for 
producing commercial quantities of these molecules. 

When “non-protein” amino acids are contained in the 
thrombin inhibitor molecule, they may be either added 
directly to the eowing chain during peptide synthesis 
or prepared by chemical modification of the complete 
rynthaized peptide, depending on the nature of the 
desired “non-protein” amino acid. Those of skill in the 
chemical synthesis art are well aware of which “non- 
protein” amino acids may be added directly and which 
must be synthaixed by chemically modifying the com- 
plete peptide chain following peptide synthesis. 

The synthesis of those thrombin inhibitors of this 
invention which contain both non-amino acid and pep- 
tidic portions is preferabIy achieved by a mixed 
heterologous/solid phase technique. This technique 
involves the solid-phase synthesis of al1 or most of the 
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peptide portion of the mol&le, followed by the addi- 
tion of the non-amino acid components which are syn- 
theshed by solution phase techniques. The non-amino 
acid may be coupIed to the peptidic portion via solid- 
phase or soIution-phase methods. Siiarly. any remain- 5 
ing peptidic portions may also be added via solid-phase 
or solution phase methcds. 

The molecules of the present invention display potent 
anticoaguIant activity. This activity may be assayed in 
vitro using any conventional technique. Preferably, an IO 
assay for anticoagulant activity involves direct determi- 
nation of the thrombin-inhibitory activity of the mole- 
cule. Such techniques measure the inhibition of throm- 
bin-Catalyzed cleavage of calorimetric substrates or, 
more preferably, the increase in thrombin times or in- IS 
crease in activated partial thromboplastin times of 
human plasma. The latter assay measures factors in the 
“intrinsic” pathway of coagulation. Alternatively, the 
assay employed may use purified thrombin and fIbrino- 
gen to measure the inhibition of release of tibrinopcp- 20 
tides A or B by radioimmunoassay or ELISA. 

The antiplatelet activity of the molecules of this in- 
vention may also be measured by any of a number of 
conventional platelet assays. Preferably, the assay will 
measure a change in the degree of aggregation of plate- 25 
lets or a change in the release of a platelet secretory 
component in the presence of thrombin. The former 
may be measured in an aggregometer. The latter may be 
measured using RIA or ELISA techniques specific for 
the secreted component. 30 

The molecules of the present invention are useful in 
compositions, combinations and methods for the treat- 
ment and prophylaxis of various diseases attributed- to 
thrombin-mediated^ and thrombiii-associated functions 
and processes. These include myocardial infarction, 35 
stroke, pulmonary e.nbolism, deep vein thrombosis, 
peripheral arterial occlusion, restenosis following arte- 
rial injury or invasive cardiological procedures, acute 
or chronic atherosclerosis, edema and inflammation, 
various cell regulatory processes (e.g. secretion, shape 40 
changes, proliferation), cancer and metastasis, and neu- 
rodegenerative diseases. 

The thrombin inhibitors of the present invention may 
be formulated using conventional methods to prepare 
pharmaceutically useful compositions, such as the addi- 45 
tion of a pharmaceutically acceptable carrier. These 
compositions and the methods employing them may be 
used for treating or preventing thrombotic d&eases in a 
patient. 

According to an alternate embodiient of the present 50 
invention, the thrombin inhibitors may be employed in 
combinations, compositions, and methods for treating 
thrombotic diseae, and for decreasing the dosage of a 
thrombolytic ageut required to establish reperfusion or 
prevent r~~&.Gou in a patient. Additionally, the 55 
thrombin inhibitors of this invention may be used in 
combinations, compositions, and methods for decreas- 
ing reperfusion time or increasing reocclusion time in a 
patient treated with a thrombolytic agent. These combi- 
nations and compositions comprise a pharmaceutically 60 
efFective amount of a thrombin inhibitor of the present 
invention and a pharmaceu tidly effective amount of a 
thrombolytic agent. 

In these combinations and compositions, the throm- 
bin inhibitor and the thrombolytic agent work in a corn- 65 
plementary fashion to dissolve blood clots, resulting in 
decreased reperfusion times and increased reocclusion 
times in patients treated with them. Specificxlly, the 
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thrombolytic agent dissolves the clot, while the throm- 
bin inhibitor orevents newly exwsed. clottntrauoed or 
clot-bound thrombin from- re&nerating the clbi. The 
use of the &o&n inhibitor in the combinations and 
compositions of this invention advantageously allows 
the administration of a thromboiytic reagent in dosages 
previously considered too low to result in thrombolytic 
effects if given alone. This avoids some of the undair- 
able side effects associated with the use of thrombolytic 
agents, sucii as biecding complications. 
-Thrombolytic 8gentCwhici may be employed in the 

combinations and compositions of the present invention 
are those known in the art. Such agents include, but are 
not limited to, tissue plasminogen activator purified 
from natural sources, recombinant tissue plasminogen 
aotivator, streptom urokinase, prourokinase, aniso- 
latch streptokinase plasminogen activator complex (AS- 
PAC), animal salivary gland plasminogen activators 
and krtown, biologically active derivatives of any of the 
above. 

The term “combination” as used herein, includes a 
single dosage form comaining at least one thrombin 
inhibitor of-&is invention and at least one thrombolytic 
agent; a multiple dosage form, wherein the thrombin 
inhibitor and the thrombolytic agent are administered 
separately, but concurrently; or a multiple dosage form 
wherein the two components are administered sepa- 
rately, but sequentially. In sequential administration, the 
thrombin inhibitor may be given to the patient during 
the time period ranging from about 5 hours prior to 
about 5 hours after administration of the thrombolytic 
agent. Preferably, the thrombin inhibitor is adminis- 
tered to-,the patient during the period ranging from 2 
hours prior to 2 hours following administration of the 
thrombolytic agent. 

Alternatively, the thrombin inhibitor and the throm- 
bolytic agent may be in the form of a single, conjugated 
molecule. Conjugation of the two components may be 
achieved by standard cross-linking techniques well 
known in the art. The single molecule may also take the 
form of a recombinant fusion protein, if both the throm- 
bin inhibitor and the tluombolytic agent are peptidic. 

Various dosage forms may be employed to administer 
the compositions and combinations of this invention. 
These include, but are not limited to, parentcml admin- 
istration, oral administration and topical application. 
‘Ihe compositions and combinations of this invention 
may be administered to the patient in any pharmaceuti- 
cally acceptable dosage form, including those which 
may be administered to a patient intravenously as bolus 
or by continued infusion, intramuscularly-including 
paravertebrally and periarticularly-subcutaneously, 
intracutaneously, intra-articularly, intrasynovially, in- 
trathecally, intra-lesionally, periostally or by oral, naaa.l, 
or topical routes. Such compositions and combinations 
arc preferably adapted for topical, nasal, oral and parm- 
teral administration, but, most preferably, are formu- 
lated for parenteral administration. 

Parenteml compositions are most preferably adminis- 
tered intravenously either in a bolux form or as a con- 
stant infusion. If the thrombin inhibitor is being used as 
an antiplatelet compound, constant infusion is pre- 
ferred. If the thrombm inhibitor is being used xs an 
anticoagulant, a subcutaneous or intravenous boius in- 
jection is preferred. For parenteral administration, fluid 
unit dose forms are prepared which contain a thrombin 
inhibitor of the present invention and a sterile vehicle. 
The thrombin inhibitor may be either suspended or 
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dissolved, depending on the nature of the vehicle and 
the nature of the particular thrombin inhibitor. Paren- 
ted compositions are normally prepared by dissolving 
the thrombin inhibitor in a vehicle, optionally together 
with other components, and filter sterilizing before 
filling into a suitable vial or ampule and sealing. Prefera- 
bly, adjuvants such sa a local anesthetic, preservatives 
and buffering agents are also dissolved in the vehicle. 
The composition may then be frozen aud lyophilixed to 
enhance smbility. 

Parenteral suspensions are prepared in substantially 
the same manner, except that the active component is 
suapended rather than dissolved in the vehicle. Stuilixa- 
tion of the compositions is preferably achieved by expo- 
sure to ethylene oxide before suspension in the sterile 
vehicle. Advantageously, a surfxctant or wetting agent 
is included in the composition to facilitate uniform dis- 
tribution of its components. 

Tablets’ and capsules for oral administntion may 
contain conventional excipients, such as binding agents, 20 
fillers, d&eats, tableting agents, lubricants, disiite- 
grants, and wetting agents. The tablet may be coated 
according to methods well known in the art. Suitable 
fillers which may be employed include cellulose, manni- 
tol, lactose and other similar agents. Suitable disinte- 25 
grants include, but are not limited to, starch, polyvinyl- 
pyrrolidone and starch derivatives, such as sodium 
starch glycolate. Suitable lubricants include, for exam- 
ple, magnesium stearate. Suitable wetting agents in- 
clude sodium lauryl sulfate. 30 

Oral liquid preparations may be in the form of aque- 
ous or oily suspension& solutions, emulsions, syrups or 
elixirs, or may be presented as a dry product for recon- 
stitution with water or mother suitable vehicle before 
use. Such liquid preparations may contain conventional 35 
additives. These include susoendinn aaenta: such as 
sorbitol, syrup, methyl cellul&, gel&i,-hydroxyethyl- 
cellulose. carboxwnethvicellulos. aluminum stemrate 
gel or hydrogenated edible fat;sf emulsifying agents 
which include lecithin, sorbitan monooleate, polyethyl- UJ 
ene glycols, or acacia; non-aqueous vehicles, such as 
almond oil, fractionated coconut oil, and oily esters; and 
preservatives, such as methyl or propyl p-hydroxylxn- 
xoate or sorbic acid. 

Compositions formulated for topical administr8tion 45 
may, for example, be in aqueous jelly, oily suspension or 
emulsified ointment form. 

The dosage and dose rate of the thrombii inhibitor 
will depend on a vaiiety of factors, such IS the size of 
the patient. the specific p harmawutiul composition 50 
used, the object of the treatment, i.e., therapy or pro- 
phylaxis, the nature of the thrombotic dii to be 
treated, and the judgment of the treating physician. 

According to the present invention, a preferred phar- 
trmceutically effective daily dose of the thrombin inhibi- 55 
tar of this invention is between about 1 pg/kg body 
weight of the patient to be treated (‘body weight”) and 
about 5 mg/kg body weight In wmbinuions contain- 
ing a thrombolytic rgent, 8 pharmaceutically effective 
daily dose of the thrombolytic is between about 10% 60 
and 80% of the conventional dosage range. The “con- 
ventional dosage range” of a thrombolytic agent is the 
daily dosage used when that agent is employed in a 
monotherapy. [Physiciads Desk Refemnce 1989, 43rd 
Edition, Edward R. Bunhut, publisher]. That conven- 65 
tiod dosage range will, of course, vary depending on 
the thrornbolytic agent employed. Examples of conven- 
tional dosage ranges are as follows: urokinase-500,~ 
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to 6,250,ooO units/patient; streptokinase-140,000 to 
2,500,~ units/patient; tPA4.S to 5.0 mgAcg body 
weight; ASPAC-0.1 to 10 units/kg body weight. 

Most preferably, the therapeutic and prophylactic 
compositions of the present invention comprise a dos- 
rge of between about 10 pg/kg body weight and about 
u]o &kg body weight of the thrombin inhibitor. Most 
preferred combiitions comprise the same amount of 
the thrombiri inhibitor and between about 10% and 
about 70% of the conventional dosage range of a throm- 
b01ytic agent. It should also be undcntood that a daily 
pharmaceutically effective dose of either the thrombin 
inhibitors of this invention or the thrombolytic agent 
present in combinations of the invention, may be less 
than or gruter than the specific ranges cited above. 

Once improvement in the patient’s condition has 
occurred. a maintenance dose of a combination or corn- 
position of this invention is administered, if necffsary. 
Subsequently, the dosage or the frequency of adminis- 
tntion, or both, may be reduced, as 8 function of the 
symptoms, to a level at which the improved condition is 
retained. When the symptoms have been alleviated to 
the desired level, treatment should cease. Patients may, 
however, require intermittent treatment upon any re- 
currence of disease symptoms. 

According to an alternate emMiment of this inven- 
tion, thrombii inhibitors may be wd in compositions 
and methods for coating the surfaces of invasive de- 
vices, resulting in a lower risk of clot formation or 
platelet activation in patients receiving such devices. 
Surface that may be coated with the compositions of 
this invention include, for example, prostheses, artificial 
valves, vascular grafts, stems and catheters. Methods 
and compositions for coating these devices are known 
to those of skill in the art. These include chemical cross- 
liig or physical adsorption of the thrombii inhibitor- 
containing compositions to the surfaces of the devices. 

According to a further embodiment of the present 
invention, thrombin inhibitors may be used for ex vivo 
thrombus imaging in a patient. In this embodiment, the 
thrombii inhibitor is labelled with a radioisotope. The 
choice of radioisotope is based upon a numkr of well- 
known factors, for example, toxicity, biological half-life 
and detectabihty. Preferred radioisotopes include, but 
are not limited to, 1251, 1231 and **‘In. Techniques for 
labelling the thrombin inhibitor are well known in the 
art. Most preferably, the radioisotope ia t=I and the 
labelling is achieved using luLBolton-Hunter Reagent. 
The labelled thrombm inhibitor is administered to a 
patient and alSowed to b&d to the throtibin contained 
in a clot The clot is then observed by utilixing well- 
known detecting means, such ax a camera capable of 
detecting radioactivity coupled to a computer imaging 
system. This technique also yields images of platelet- 
bound thrombin and meiaothrombin. 

This invention also relates to compositions containing 
the thrombin inhibiton of this invention and methods 
for using such compositions in the trutment of tumor 
metastasea. The effioacy of the thrombin inhibitors of 
this invention for the treatment of tumor metastaaea is 
manifested by the inhibition of metastatic growth. This 
is based upon the presence of a procoagulant enayme in 
certain cancer cells. This enzyme activates the conver- 
sion of Factor X to Factor Xa in the coagulation cas- 
cade, resulting in fibrin deposition which, in turn, serves 
as a substrate for tumor growth. By inhibiting fibrin 
deposition through the inhibition of thrombin. the mole- 
cules of the present invention serve as effective anti- 
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meustatic tumor rgents. Examples of metastatic tumors 
which may be treated by the thrombin inhibitors of this 
invention include, but are not limited to, carcinoma of 
the brain, carcinoma of the liver, carcinoma of the lung, 
osteocuciaoma and neoplastic plasma cell carcinoma. 

16 

‘Ibe invention dao relates to methods and composi- 
tions empIoying the above-described thrombin inhibi- 
tors to inhiiit thrombim-induced endothelial cell activa- 
tion. This inhibition mcludes the rep&ion df platelet 
activation factor (PAF) synthesis by endothelial cells. 
Theme wmpositions and methods have important appli- 
cations in the treatment of diseases characterized by 
thrombin-induced i&ammation and edema, which is 
thought to be mediated be PAF. Suchdiseases include, 
but are not limited to, adult respiratory distress syn- 
drome, septic shock, septicemia and reperftision datn- 
age. 

Early stages of septic shock include discrete, acute 
inflammatory and coagulopathic responses. It has previ- 
ously been shown that injection of baboons with a lethal 2o 
dose of live E eoli leads to marked declines in neutro- 
phil count, blood pressure and hematocrit. Changes in 
blood pressure and hematocrit are due in part to the 
generation of a disseminated intravascuhr coagulopa- 
thy (DIG) and have been shown to parallel cons~mp- 25 
tion of fibrinogen ljF. B. Taylor et al., “Protein C Pre- 
vents the Coagulopathic and Lethal Effects of l&her- 
ichh coii infusion in the Baboon”, J: Clinlnvert, 79, pp. 
918-25 (1987)]. Neutropenia is due to the severe i&lam- 3. 
matory response caused by septic shock which results in 
marked increases in tumor necrosis factor levels. The 
thrombin inhibitors of this invention may be utilized in 
compositions and methods for treating or preventing 
DIC in septicemia and other diseases. 

This invention also relates to the use of the above- 
35 

described thrombin inhibitors, or compositions com- 
prising them, as anticoagulants for extracorporeal 
blood. As used herein, the term “extracorporeal blood” 
includes blood removed in line from a patient, subjected 4. 
to extncorporeaI treatment, and then returned to the 
patient in such processes as dialysis procedures, blood 
fltration, or blood bypass during surgery. The term also 
includes blood products which are stored extracorpore- 
ally for eventual administration to a patient and blood 45 
collected from a patient to be Used for various assays. 
Such products include whole blood, plasma, or any 
blood fraction in which inhibition of coagulation is 
desired. 

The amount or wncmtntion of thrombin inhibitor in 
theme types of wmpositions is based on the volume of 
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blood to be treated or, more preferably, its thrombin 
wntent. Preferably, an effective amount of a thrombin 
inhibitor of this invention for preventing coagulation in 
extracorporeal blood is from about 1 pg/60 ml of extra- 55 
corporeal blood to about 5 mg/Qo ml of extracorporeal 
blood. 

The thrombin inhibitors of this invention may also be 
used to inhibit clot-bound thrombii, which is believed 
to contribute to clot accretion. This ia particularly im- 6~ 
portant because wmmonly used anti-thrombin agents, 
such as heparin and low molecular weight heparin, are 
ineffective against clot-bound thrombut. 

Flly, the thrombin inhiiitors of this invention may 
be employed in compositions and methods for treating 65 
neurodegenerative diseases. Thrombm is known to 
cause aeurite retraction, a process suggestive of the 
rounding in shape changes of brain cells and implicated 

in neurodegenerative diseases, such as Alzheimer’s dis- 
use and Parkinson’s disease. 

In order that the invention described herein may be 
more fully understood, the following exampies are set 
forth. It should be understood that these exampfs are 
for ilhtstrative purposes only and are not to be con- 
Wed as limiting this invention in any manner. 

EXAMPLE 1 
Synthesis Of Sulfa-Tyrohitudinw 

Sulfa-Tyra&imdin54u has the amino acid formula: 
H-Gly-Asp-Phe-Glu-Glu-Ile-Pro-Giu-Glu-Tyr(OSO3 > 
Leu-GH. We prepared’this peptide by solid-plume pep 
tide synthesis employing an Applied Biosystems 430 A 
Peptide Synthesizer (Applied Biosystems, Foster City, 
calif.). 

Sl)tkif~cally, we reacted 0.259 mq of BGC-G-Leu 
resin (1% DVB resin) sequentially with 2 mmoles of 
protected amino acids. Following 10 cycles of synthe- 
sis, we deprotected the peptide and Uncoupled it from 
the DVB resin by treatment with anhydrous HF: p- 
cresol: ethyl methyl sulfate (IO:1 : 1, v/v/v). The peptide 
was furtfier purifted on a Vydac CIS HPLC reverse 
phase ~luxnn (22 mmx25 cm) which had previously 
been equilibrated in 0.1% TFA in water. Prior to apply- 
ing the peptide to the wlumn, we dissolved it iu 2.0 ml 
of 0.1% TFA in water. If necessary, an additional 1 ml 
of 6M guanidinium chloride was added to the sample to 
increase solubility. After we applied the sample, the 
wlumn was developed with a linear gradient of increas- 
ing acetonitrile (O-80%) in 0.1% TFA over 45 minutes 
at a flow rate of 4.0 ml/n&~. The etEuent stream was 
monitored at 229 run and fractions were collected man- 
ually. 

We sulfated the resulting purifkd peptide at the sin- 
gle tyrosine residue using standard methodology r. 
Nakahara et al., “Preparation of Tyrosine-0-psS]Sul- 
fated Cholecystokinin Octapeptide From A Non-Sul- 
fated Precursor Peptide”, Anal. B&hem., 154, pp. 
194-99 (1986)]. Sulfa-Tyr&irudin~ was then puri- 
fled away from other peptides and reaction components 
by reverse-phase HPLC employing a Vydac CIS col- 
umn (4.6x25 cm) and an Applied Biosystems liquid 
chromatographic system. The whmm was equilibrated 
in a 0.1% TFA/water solvent and developed with a 
linear gradient of increasing acetonitrile wncentration 
from 0 to 35% over 90 minute at a flow rate of 0.8 
ml/mm with a 0.085% TFAantaining solvent. Frac- 
tions were assayed for absorbancc at 214 nm. 

EXAMPLE 2 
CroJslinking Of Human Thrombm With 

S~~Tyr63-DinirreflUOrO~~i-~d~~ 
We prep=~ sdfo-Tymdinitroff uorobmzy~- 

hlrudinu (Sulfa-Tyr6pD~hirudin~) by react- 
ing Sulfa-Tyr&irudinw (2.0 mg, prepared as in Ex- 
ample 1) with a stoichiometric quantity of difluorodini- 
trobmxme (Pierce Chemical t&, Rockford, Ill.) in 
dimethyIformamide (DMF) for 18 hours at room tem- 
perature. We then subjected the sample to analytical 
HPLC separation employing an Applied Biosystems 
150 A Liquid Chromatographic System and a Brownlee 
BP-300 Cs wlumn (0.46X 10 cm) to determine the ex- 
tent of derivatization. The ~hunn was equilibrated in 
0.1% TFA in water (solvent A) and developed with a 
MO% linear gradient of 0.085% TFMO% acetoni- 
trile (solvent B) over 45 min and then a S&100% linear 
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gradient of solvent B over:: min. We used a constant 
flow rate of 1.0 ml/&m& 

The effluent stream was monitored at 214 MI and 310 
nm for absorbance. Peptide derivatixed wiih the di- 
fluorodinitrobenxene r&ad absorbs at 310 nm. We 
found that the abovedescribed reaction produced Sul- 
fo-Tyra-DNFB-hirudinsw at 15-30% yield. Follow- 
ing Sy!dais, Sulfo-Tyr&WFB-hdin~3& was 
stored in the same diietllylforrrumr ‘de solvent at -20’ 
C. for up to 1 month. 

5 

10 
We reacted a IO-fold molar excess of Sulfa-Tyr63. 

DNFB-hirudiisw with human o-thrombin (12.5 rag) 
for 18 hr at room temperature in a phosphate-buffered 
dine. We determinad the extent of cross-linking by 
analyzing the reaction mixture on an SDS-polyacryh- 
mide gel. SDS-PAGE showed a decrease in the relative 
mobility of the a-thmmbin band reflective of an in- 
crease in molecular weight of looO-2ooO daltons (Da). 
This shift is consistent with cross-linking’ of thrombin 
with Sulfa-TyrspDNFB-hirudinsu at a sin& site. 

15 

20 
We confinned that formation of a covalent complex 

between Sulfa-Tyr63-DNFB-hirudinw and human 
thrombii is specific by using [3sS]-Sulfa-Tyr63-DNFB- 
hidrudinw P~S]-~fo-~yr~~-~NF~-hitidin~ 
was prepared euentially as described above using 
&[35s]04 instead Of &S04. in the Nakahara sulfa&m 
procedure [see also, copending U.S. patent application 
Ser. Nos. 164,178, 251,1350, 280,618, and 314,756, and J. 
M. Maragmore et al., “Anticoagulant Activity of Syn- 
thetic Hirudin Peptides”, J. Viol Chem, 264, pp. 
8692-98 (1989) all of which are herein incorporated by 
reference]. 

25 

We reacted PSSj-Sulfa-Tyr63-DNFB-hirudin- 
with human a-thrombin, either in the presence or ab- 
sence of a 5. or Z&fold molar excess (over the concen- 
tration of thrombin) of Sulf~Tyrs3-N-Pcetyl-hirudins. 
36) (prepared as in Example i with the addition of N- 
acctyl asparagine as a foal step in peptide synthesis). 
Following incubation at room temperature for 18 b, 
we subjected the mixture to SDS-PAGE and autoradi- 
ography. The results (FIG. 1) showed that %]-labeled 
peptide was incorporated into the band which repre- 
sents thrombin and that the presence of cold, unlabeled 
hirudin peptide attenuated the magnitude of covalent 
complex formation to <lo%. Thus, rdon of Sulfo- 
Tyr6pDNFBhirudiis~ with tbrombin results in the 
1: 1 stoichiometric binding of the hinzdin peptide at a 
specific binding site. 

Xn order to identify the site on thrombin where Sulfo- 
Tyra-DNFB-hhdinsw binds, thrombiiSulfo- 
Tyr&init&enzyl@NB)-hi&in5344 complex (1 .O 
mg) was applied to I Sephadex G-u) column (1.5x45 
cm) which was eqzUi%rued and developed with 7M 
urea, 20 mM Tris, pH 7.5. This chromatography re- 

30 
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moved any unructd Sulfo-Tyr63-DNFB-hirudinirudinn4(. 55 
A peak con-g thrombin/Sti~Tynj~-DNB- 
hirudins~ was idated in the void volume fdctions, 
pooled and reduced by the addition of 10 4 of B-m&- 
UptOUhMO~. 

18 
hyhed thrombin/Sulfo-Tyr~3-DNB-hirudin~ were 
ptied by revasc-phue HPLC using an Aquapore 
Rp3OO CI column (0.46x 10 cm). The column was 
equilibrated in 0.1% TFA in water and developed with 
a gradient of incruring 0.085% TFA/70% acetonitrile 
(040%) Over 80 minute5 8t a flow rate of 1.0 ml/min. 
fhe effluent stream was monitored for absorbance at 
both 214 and 310 nm. Fractions of 10 ml were collected 
automUically. HPLC separation of peptic fragments 
allowed resolution of a single major peak of both 214 
and 310 ma-absorbing makrial. Because of its far UV 
absorbance, this fragment contained the bound Sulfo- 
Tyrtj3-D~hi.mdin~ 

We then subjected the fmgment to automated Edman 
degrndation with an Applied Biosystems 47OA gas- 
phase sequencer qtipped with a 900A data system. 
Phenylthiohydantoin (PTH) amino acids were analyzed 
on-line using an Applied Biosystems 12OA PTH analy- 
xer and a M-Cl, column (2.1 x22O mm). Shown 
below is a trble of repetitive yields from the sequence 
analysi.% 

Cycle Amino Acid pmola 

1 Lvr asa. 
2 
3 
4 
5 

1” 
a 

1: 
I1 

i: 
14 
15 

Gil 
Thr 

2 
Ah 
Axn 
Vd 
GUY 
6) 
GIY 
Gln 
Ro 

E 

629.2 
357.6 
276.3 
tn9.0 
474.4 
369.0 
I#).7 
2%. 1 

2::1 
ma.8 
103.5 
21.6 
23.3 

The peptide sequence was found to correspond to resi- 
dues M-154 of human a-thrombin [J. W. Fenton, II., 
“Thrombin Active Site Regions” &mitt. Thromb. He- 
moszosk, 12, pp. 2oo-08 (1986)]. Peptic cleavages oc- 
curd at a Leu-Lys and Val-Leu bond, consistent with 
the specificity of this enzyme. 

In the course of sequence analysis, the amino acid 
corresponding to Lys-149 (cycle 10) could not k identi- 
fied or qua&at&. This probably resulted from derivat- 
ix&m of the c-NH2 group of this amino acid with the 
dinitrofluorobenxyl moiety of Sulfa-Tyra-DNFB. 
himdin- Thus, Lys-149 is the major site where Sul- 
fo-Tyr&)NFB&irudin~ ructs with a-thrombii. 

EXAMPLE 3 
Design 0f A Thrombin Inhiiitor Capable 0f Blocking 
The Catalytic Site And Binding To The Anion Bindiig 

Exositc 
Carboxy termhul hirudin peptides effectively block 

thrombin-utalyxed fibrinogen hydrolysis, but not chro- 
mogenic substrate hydrolysis [J. M. h4araganore et al., 

Following reduction, we S-carboxy~~ethykted the 60 J. BrbL Chem, 264, pp. 8692-98 (1989)]. In addition, 
complex using iodoacetic acid u previously described 
[J. hf. Maraganore et al., ‘A New Class of Phospholi- 

himdin peptides do not neutralize thrombinutalyxed 

pa A, with Lysine in Place of kpsrtate49”, J, BioL 
a&iv&on of Factors V and VIII [J. W. Fenton, II, et 

Chem 259, pp. 138394X (1984)]. The reduced. S- 
al., “Hin~din Inhibition,*ky Thrombin”, An&. Archiv. 

alkylated protein was then dialyxed extensively against 65 

BbL, .f8;‘p:“2i’ cl.@~)~~ 

3% acetic acid at room temperuure. Following dialysis, 
Hirudin peptides, such as stdfo-Tyr&hcetyl- 

we digested the complex with pepsin (2% w/v) for 4 hr 
hirudinsu exhibit potent inhibitory effects toward 

at 31’ C. Peptic fragments of reduced, Suuboxyme- 
thrombin-induced platelet activation in vitro [J. A. 
JIJrub;iii&lij; &id J. M. Maraganore, “Inhibition of 
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Thrombiin-fnduced Platelet Activities By A Synthetic 
12 Amino Acid Residue Sulfated Peptide (Hirngen)“, 
Blood, p. 1213 (1989)J. Nevertheless, a thrombin inhibi- 
tor capable of blocking the active site may be required 
for inhiition of p&let thrombosis in viva, if activation 5 
of Factors V and VIII are rate-limiting steps. This con- 
clusion is warranted from results obtained with the 
irreversible thrombin inhibitor (D-Phe)-Pro-Arg- 
C&Cl [S. R. Hanson and L. A. Harker, “Interruption 
of Acute Platelet-Dependent Thrombosis by the Syn- lo 
thetic Antithrombin D-Phenylalanyl-L-PryI-tArgi- 
nyl Chloromethyl Ketone”‘, Proc Nari AC& Sci USA. 
8S, pp. 3184-88 (1988)] and other reversible thrombln 
inhilton [J. F. Eidt et al., ‘“Iluombii is an Important 
Mediator of Platelet Aggregation in Stenosed Canine 15 
Coronary Arteries with Endothelll Injury”, f. Clin. 
In*rst. 84. DD. 18-27 (198911. - . . 

using the above kIlCiWk& that the NHptel7Ilinus of 
himdin peptides is proximal to Lys-149, we employed 
a three-dimensional model of thrombin (FIG. 2) @. 
Furie, et al., “Computer-Generated Models ofBlood 
Coagulation Factor Xa, Factor IXa, and Thrombiu 
Baaed Upon Structural Homoiogy with Other Serine 
Proteases”, J. EioL Chem, 257, pp. 3875-82 (1982)] to 
design an agent which: 1) binds to the anion binding 
exosite of thrombin; and, 2) is capable of blocking the 
active site pocket of thrombin and inhibiting the func- 
tion of catalytic residues contained thereln. 

We determined that the minimal distance from the 
e-NH2 of Lys-149 to the &hydroxylate of Ser-195 is 
18-20 A. Baaed on a 3 A/amino acid residue length, we 
calculated that at least about 4-7 amino acids would be 
required to link a hirudin peptide, such-as Stifo-TyrbJ 
hirudiis~ to a domain comprising an active-site in- 
hibitor structure. The composition of the linker was 
designed to be glycine. Glycine was chosen in order to 
engineer the greatest flexibility of a linker for these 
prelhuinary investigations. It should be understood, 
however, that other, more rigid biopolymer linkers may 
also be employed. 

We chose the sequence (D-Phe)-Pro-Arg-Pro as the 
active site inhibitor because thrombin exhibits specific- 
ity for Arg as the PI amino acid in the cleavage of sub- 
strates. A Pro following the Arg yieldsa bond that is 
cleaved very slowly by thrombin. We designed alter- 
nate peptides by replacing Pro (following the Pi Arg) 
with a sarcosyl- or N-methyl-&nine amino acid or by 
chemical reduction of an Arg-Gly scissile bond. 

EXAMPLE 4 
Synthesis Of Hirulog-8 

Hirulog-t haa the formula: H-Q-Ph+Pro-Arg-Pro- 
(Glyk-duly-Alu-Glu-Gtu-flaPro;Glu~lu- 
Tyr-Leu-GH, We synthesized Hirutog-8 by’ conven- 
tional solid-phase peptide synthesis employing an Ap- 
plied Biosystem 430 A Peptide Synthesizer. This pep- 
tide was synthesized using BGC-tLeucine-G-divinyl- 
benzene resin. Additional t-BGGamino acids (Penin- 
sula Laboratories, Belmont, Calif.) used includ&l’BOC- 
tM.,bdichlorobenzyl tyrosine, BGC-L-glutarnic acid 
(7-benzyl ester), BGC-Gproline, BGGL-iileucine, 
BGC-L-phenylalanine, BGC-L-aspattic acid (B-henzyl 
ester), BGC-glycine, BGC-tasparagine, BGC-L- 
phenylalanine, and BOGL-arginine. In order to 
achieve higher yields in synthesis, the (Gly)4 linker _ -~ - - 
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Crude Hirulog-8 was purified by reverse-phase 
HPLC employing an Applied Biosystems l5lA liquid 
chromatographic system and a Vydac Cts column 
(2.2X25 cm). The column was equilibrated in 0.1% 
TFA/wata and dcvelopai with a linear gradient of 
increasing acetonitrile concentration from 0 to 80% 
ova 45 minutes in the 0.1% TFA at a flow-rate of 4.0 
mlhin. The effluent stream was monitored for absor- 
bance at 229 nm and fractions were collected manually. 
We purified 25-30 rug of crude Hinttog- by HPLC and 
recovered M-20 mg of pure peptide. 

We confirmed the structure of purified Hirulog-8 by 
amino acid and sequence analyses. Amino acid hydroly- 
sates were prepared by treating the peptide with 6N 
HCI, in vacua, at 110’ C. for 24 hrs. We then analyzed 
the hydrolyaates by ion-exchange chromatography and 
subsequent ninhydrin detivatization/detection using a 
Beckman 6300 automated analyzer. We performed se- 
quence analysis using automated Edman degradation on 
an Applied Biosystems 470A gas-phase sequencer 
quipped with a Model ‘9OOA ‘data system. Phenylthi- 
ohydantoin (PTH) amino acids were analyzed on-line 
using an Applied Biosystems 120A pTH-analyzer and a 
PTH-CI 8 txelxul(2. I x 220 mm). 

EXAMPLE 5 
synthesis Of Hiiog-9 

Hintlog- has the formula: H-@-Phe)-Pro-&g-L- 
Pro-(Gly)r-Asn-Gly-Aspsp-Phe-Glu-Glu-Ile-Pro-Glu- 
Glu-Tyr-Leu-GH. We synth.esized this peptide in the 
same manner as that described in Example 4 using BOC- 
D-proline (Peninsula Laboratories) at cycle 15 in lieu of 
BGC-Cproline. purification and characterization were 
performed a described in Exampie 4. 

EXAMPLE 6 
sym.hesis Of Hirulog-IO 

Hirulog- 10 has the formula: H-(D-Ph+Pro-Arg-Sar- 
(Gly)s-Asn-Gly-AsgPhe-Ght-GIu-Ile-Pro-GluGlu- 
Tyr-Leu-OH. The peptidt was synthesized as in Exam- 
ple 4 using BGC-sarcosine (Sigma Chemical Co., St. 
Lads, MO.) at cycle 16. Purification and characteriza- 
tion were pedormed as described in Example 4. 

EXAMPLE 7 
synthesis Of Hilulog-1 1 

Hlrulog 12 has the formula: H-(D-Phe>Pro-Arg-Pro- 
(Glyk-AsuGly-Asp-Phe-Glu-Glu-Be-Pro-Glu-Glu- 

65 Tyr(OSOs)-Leu-GH. This peptide is synthesized by 

Hlrulog 11 has the formula: H-(D-Phe)-Pro&g-Pro- 
(Gly)c-AsaGly-Asp-Phe-Glu-Glu-Be-Pro-Glu-Glu- 
(3,5diiodoTyr)-Lea-H. This peptide is synthesized as 
in Example 4 using BGG3,5diiodo-L-tyrosine (Sigma) 
at cycle 2. Purification and characterization is per- 
formed as descrii in Example 4. 

EXAMPLE8 
synthesis of Hirulog-12 

20 
peptide was fully &&cted and uncoupled from the 
divinybenzene resin by treatment with anhydrous HF: 
p-cresol: ethylmethyl sulfate (lO:l:l, v/v/v). Following 
removal from the resin, the peptide was lyophilized to 
dryness. 

segment was attached in two cycles of manual addition 
of BGC-glycylglycine (Beckman Biosciences, Inc., 

reacting 1.0 mg of Hbulog-8 in dintethylformamide (80 

Philadelphia, Pa.). After completion of synthesis, the 
~1) with dicyclohexylcarbodiimide solution (I .25 g/ml. 
0.007 ml) and concentrated sulfuric acid (0.5 ~1) at 0’ C. 
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for 10 minutes- The reactiziis stopped by addition of 
water (1 .O ml). 

- 
22 

The reaction mixture may be subjected to reverse- 
phase HPLC employing an Applied Biosystems 15OA 
Liquid Chromatographic System and an Aqurpore 5 
RP-300 Cg column (0.46x 10 cm). The column is quili- 
brated in solvent A (0.1% TFA/water) and developed 
with an increasing concentration of solvent B (0.085% 
TFA/70% acetonitrile) from 0 to 50% over 45 minutes 10 
at a flow-rate of 1.0 ml/min. The e!Iluent stream is 
monitored for absorbance at 214 nm. - 

Purified Hirulog-12 is then neutralized to pH 7 by 
addiig O.lN NaOH. It is then lyophilized md rcconsti- 
tuted in phosphate-buffered saline. 15 

EXAMPLE9 
Inhibition Of Thrombin-Catalyzed Hydrolysis Of A 

p-Nitroanilide Synthetic Substrate By Hirulog-8 
We next analyxed the effects of Hirulog-8 on the 2o 

human a-thrombin~talyzed hydrolysis of Spec- 
trozyme TH (tosyl-Gly-Pro-Arg-p-nitroanilide; Ameri- 
can Diagnostica, New York, NY). Specifically, we 
measured the initial rate velocities in the presence or 2~ 
absence of Hinalog-8 over a range of substrate concen- 
trations from 2.2 to 22 PM. The thrombin-catalyzed 
rate wss monitored in a Cat-y 19 spectrophotomcter at 
405 nm and recorded continuously as a function of time. 
Kinetics were perfotmed at room temperature (25&l’ 30 
C.) in a 0.05M Tris, pH 7.5, O.lM NaCl buffer. 

For a typical enxyme reaction, 1.0 ml of buffer was 
added to both the swnple and reference cuvettes. 
Thrombin (3.2 X lo-sM, f& concentration) and Hire- 
log-8 (O-4x IO-EM) were added to the sample cuvette 35 
prior to addition of Spectrozyme TH (2.2-22 ELM). 
immediately following addition of substrate, the con- 
tents of the sample cuvette were mixed by use of a 
plastic pipette. The reaction wasmonitored spectropho- 4o 
tometrically for 5-15 minutes. 

Initial rate velocities at each substrate concentration 
were expressed 1s moles Spectrozyme TH hy- 
droIyxed/sec/mole thrombin. This was determined 
during the initial linear phase of the reaction (215% 45 
totai hydrolysis of substrate) by measuring the slope of 
the hydrolytic reaction. L&weaver-Burke plots were 
constructed accordingly, by plotting the inverse of the 
idid velocity 8gainst the inverse of the substrate con- 
centration. The results sbowed that human a-thrombin- 50 
catalyzed hydrolysis of Spectrozyme TH had a 
V -=I7 moles hydrolyxed/sec/mole thrombin and a 
KM at 1.19 x IO-6M:FIG. 3; panels A &d F, demon- 
str8t.es that incruhg concentrations of Hirulog-8 led 
to significmt, dmedqmdent increue8 in the KM, with ” 
slight incrw in the V,, for Spectrozyme TH hydro- 
lysis Therefore, the lnhiiition of the thromblm-cat- 
alyzai reaction by Hhulog-8 was arried out by mixed 
competitive/non-competitive components with respect 6D 
to Spectrozyme TH hydrolysis. The Kt of Hintlog- for 
a-thrombin was deter&ted using the squation: 

where 

( K2Ld > 
is the slope of the thrombin-catalyzed reaction in the 
presence of Hirulog-8: ~irulog-81 is the molar concen- 
tration of peptide; 

( 
VUX 

> KM wiahiwd 

is the thrombin~talyzed reaction in the absence of 
inhibitor; end Kr is the molar inhibitory constant for 
Hiiog-8 with human a-thrombin. The K I for Hirulog- 
8 was ulculatai to be 1.95*0.1 I x 10-w. 

EXAMPLE 10 
Specificity of Hinrlog-8 For The Hirudin-Peptide 

Biiciing Site And Active Site Of Human a-l-hrombi 
Hirulog-8 was designed as an analoguc that binds 

human a-thrombin via its hirudin peptide binding site 
while blocking thrombin’s catalytic site. We tested the 
abiity of Hiilog-8 to perform these functions by vari- 
ous studies described below. 

The kinetics of Hirulog-8 inhibition of human y- 
thrornbin were studies essentially as described above in 
Example 9 for human a-thrombin. -l-he y-thrombin-cat- 
elyzal reaction toward Spectrozyme TH demonstrated 
aV -=7.14 moles hydrolyzed/set/mole thrombin 
end KM= 1.1 x lo-e&l. These results confirm that y- 
thrombin, a proteolytic form of thrombii, exhibits 
nearly complete catalytic competence, although this 
form essentially lacks clotting activity [S. D Lewis et 
al., “C&lytio Competence of Human a- and y-morn- 
bins in the Activation of Fibrinogen and Factor XIII”, 
Biochemistry, 26, pp. 7597-7603 (1987)]. The inhibition 
of y-thrombm by Hirulog-8 was examined over a range 
of peptide concentrations from 2.7x 10-s to 
6.8x IO-6M. As shown below, Hintlog- exhibited an 
increased Kt of 3 orders of magnitude relative to a- 
thrombin. This high K toward y-thrombm is due to the 
absence of an intact anion binding exosite (ABE) in 
y-thrombm [J. W. Fenton, II, et al., “Anion-Binding 
Exosite of Human a-Thrombin and Fibrintogen) Rec- 
ognition”, Biociwmisny, 27, pp. 7106-12 (1988)j. y- 
thrombii is formed by proteolysis of the B-chain of 
a-thrombin at Lys-149 and Arg-78. 

The inhibition of human a-thrombin by Hirulog-8 
we3 significantly reduced in the presence of Sulfo- 
Tyr63-N-acetyl-hirudmssu at concentrations of 
2.6x10-6M to 129x lo-SM. This is because Sulfo- 
Tyrss-N-acetyl-hirudinsw competes with Hirulog-8 
for binding to the ABE of thrombin 

This was also demonstrated by the addition of phe- 
nylmethylsulfonyl-a-thrombii (“PMS-a-thrombin”; 18 
nM, find) to reactions of Hirulog-8 with human a- 
thrombin. The addition of this modified thrombin re- 
sulted in a substantial decrease in the ability of Hirulog- 
8 to inhibit a-thrombii. PMS-a-thrombm has sn intact 
ABE, but is covalently derivatixed at its active site. This 
modified thrombii squatas the Hirulog-8 in the reac- 
tion mix and therefore reduces the amount of peptide 
available to inhibit intact, catalytically-active human 
a-thrombin. 
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we also performed studies of tlle effect of salt con- medication altering platelet function for at least one 
catrations on the KI of Hintlog- for thrombin as de- 
scribed above in Example 9. We measured the Ki in the 

week prior to study. PRP is prepared as described by J. 
A. Jakubowski et al., “Modification of Human Platelet 

presence or absence of Hirulog-8 (11.5x10-PM) in by a Diet Enriched in Saturated or Polyunsaturated 
buffers containing 0.1.0.25, and O.SM NaCl. AS show 5 Fat”, 
in the table below, inhibition of ar-thrombin by Hirulog- 

Arherosdemis, 31. pp. 335-44 (1978). Varying 

8 increased at lower salt concentrations. This result 
concentrations of Hirulog-8 (O-500 ng/ml in 50 ~1 wa- 

confl~ed that the illteraction of the highly anionic 
ter) are added to 0.4 ml of pre-warmed (37’ C.) PRP. 
One minute later, we add human a-thrombin to the 

hirudii peptide moiety of Hintlog- with the positively- platelet suspension to a f& concentration of O.ZO.25 
charged site surrounding LYs-149 of thrombin k+ eseen- 10 or 0.5 units/ml total assay volume. Aggregation is mon- 
tial for Hirulog-8 inhibition of thrombhi-catalyxed hy- 
drolysis of spectrozyme TH. 

itored as an increase in light transmission for 5 minutes 
following the addition of thrombin. We then calculate 
%Inhiiition as (% aggregation=,,t,)/(% aggregation- 

Entyme coll~ons mbg-a. RI. nM mmm/lx 100. This study shows that Hirulon-8 blocks IS 
._ 

Hum88 a- o.osM rrir pH 7.5 1.95 
tbrombin 0.i M NC3 (Buftcr) 
Hum88 y- BUtTa 1,080 
thrombia 
Huma a- Buffer + 26 $4 25.5 
thrombin S~O-~sF3-w”‘y’- 20 
H- a- Buffer + 12.9 j&i >z,uQ 
tbfOdJii Sdfc-Tyrt@hcetyl- 

birudiiS~ 
Human a- Buffer + Pm- 9.90 
thrombm a-thrombm 

Human a- 0.03 M Tris, pH 7.5 2.09 25 
thrombb 0.25 M N8cl 
Hunma-, 0.05 M -his, pH 7.1 3.72 
thrombm 0.5 M NCI. 

-.._._. ~ 
thrombin-induced platejet activation in vi& 

EXAMPLE 11 
30 

Anticoagulant Activity Of Hirulog-8: Comparison To 
Hirudin And Sulfo-Tyrss-N-Acetyl-hinrdinn-at 

We studied the anticoagulant activity of Hirulog-8 35 
using pooled, normal human plasma (George King Bio- 
medical, Overland Park, Ran.) and a Coag-A-Mate XC 
instrument (General Diagnostics, Organon Technica, 
Oklahoma City, Okla.). Activity was monitored using 
the activated partial thromboplastin time (APTT) assay 4o 
with CaCls and phospholipid solutions obtained from 
the manufacturer. Hiiog-8, -dirt, or SuIfo-Tyrss- 
N-acetyl-himdins~ was then added to the APTT 
determination wells at a final concentrations of 10 to 
32300 ng/ml in a total volume of 25 ~1 prior to addition 
of 100 pl of plasma 

45 

The control APTT (absents of iuhiiitor) was 29.6 set 
(mean, n=8, SEM<O.S%). PIG. 4 shows the results of 
these dose-dependency studies. Hirtxlog-8 was 2 to 3 

. EXAMPLE 13 
Use Of Hirulog-8 In Thrombus Imaging 

Hirulog-8 is modified by covalent attachment of an 
~~I-containing chemical group. SpecifIcally, Hirulog-8 
(as prepared in Example 4) is reacted with t231-Bolton 
Hunter Reagent (New England Nuclear, Boston, Mass.) 
in O.lM sodium borate, pH 9.0. The 1231-labelled molc- 
de (with a specific activity of >5 &i/pg) is then 
desalted on a Biogd P2 column which is equilibrated in 
a phosphate-buffered saline. 

Ex vivo imaging of experimental thrombi is per- 
formed essentially as described by T. M. Palabrica et al., 
“Thrombus Imaging in a Primate Model with Antibod- 
ies Specific for an External Membrane Protein of Acti- 
vated Platelets”, From Nan! Acan! Sci USA 86, pp. 
1036-40 (1989). Specifically, imaging is performed in 
baboons using an external Ticoflex shunt between the 
femoral artery and femoral vein. An experimental 
thrombus is formed by placement of a segment of pre- 
clotted Dacron graft in the shunt. 12sI-labelled throm- 
bin inhibitor is injected in the venous portion of the 
Ticoflex shunt. Serial anterior images are then obtained 
for 0.5 to 1 hour using an Ohio Nuclear suies 100 
Gamma Camera with a PDP-11/34 computer. The 
kinetics of ISI-thrombin inhibitor uptake by the graft 
and the blood pool are desived from the radionuclide 
images thus obtained. 

The same technique may be used to obtain ex vivo 
images of a deep venous thrombus caused by stasis in 
the femoral vein of baboons. Because *uI-Hirulog-8 
binds to thrombin with high specificity, the use of this 
molecule allows precise ex vivo images of thrombi. 

times more potent than hirudin and 100 to 150 times xI Also, the small sixe of Hirelog-8, in contrast to native 
more potent than Sulfb-Tyr6s-N-ac&yl-hinsdiis3u. hirudin or antibodies to thrombin, provides the poten- 
Both H&log-S and hirudin increased the APTT of tial that the radiolabeiled thrombin inhibitor will yield 
plasma to values which were tco high to be measurti 
This is in contrast to Sulfa-Tyra-N-acetyl-hirudlnss-~, 

images of platelet-bound thrombii and meixothrombin, 
ss well as thrombin contained in the fibrin clot. 

which exhibited a saturable dose-response in the AP’M 55 
to 2CO-250% of control valves [J. M. Maraganore et al., EXAMPLE 14 
1 Bid Chm, 264, pp. 8692-98, (1989)]. This result Anti-Metastatic Activity of Thrombin Inhibitors 
showed that Hirulog-8 can block the active site of 
thrombll in plasma, as well as in vitro in chromogenic 

The anti-metastatic activity of the thrombin inhibi- 

assayqinamannersimilartohirudin. tars of this invention, preferably IiiruIog-8, is assayed 
60 using sarcoma T24lcells k. A. Liotta et al., Narure, 

EXAJVIPLE 12 284, pp. 67-68 (198011 and syngeneic C57BL/6 mice 
Inhibition Of Thrombin Induced Platelet Activation By (Jackson Laboratory, Bar Harbor, Me.). The mice are 

Hixulog-8 injected either intravenously or subcutaneously with 
O-250 g/kg of Hirulog-8, prepared as in Example 4, 

Thrombi-induced platelet activation studies are per- 65 followed by hj&on with 10(-l@ T241 tumor cells. 
formed at 37’ C. using a Biodata PAP4 Platelet Aggre- 
gometer. Platelet-rich plasma (PRP) is obtained from 

After 15 days, the animal is sacrifced and lung tumor 
colonies are quantitated. Anti-metastatic activity of 

normal, healthy, volunteers who have not taken any IIirulog-8 is measured as percent reduction in tumor 
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colonies compared to placebo-treated control mice. 
Hirulog-8 demonstrates anti-metastatic activity in this 
==Y. 

EXAMPLE 15 5 
Inhibition of Endothelial C.&s By A Thrombin 

Inhibitor 
The ability of the thrombin inhibitors of this inven- 

tion to prevent thrombin-induced synthesis of platelet 
activating factor (PAF) is essayed using cultured lo 
human umbilical vein endothelial cells (HUVECs). 
HUVECS ue extracted from human umbilical cords by 
colIagmase digestion according to utabIished proce- 
dures w. A. Giiborne, Jr., “Culture of Vucular En- 
dothelium”, hug. Hemusz Thrum&.. 3, pp. 1 a28 ts 
(1976X HWECs ue grown to confluence in a Swell 
microtiter plate in the preauice of [sHj-acetate. Cells 
cultured in this manner produce pH+ety1-PAF, 
which msiy be quantitated by extraction of HUVEC 
membrane phospholipids. 20 

Hirulog-8 (O-l &ml) is added to the @iI-acetate 
loaded HUVECs i minute prior to the addition of 
thrombin (foal concentration of 1 U/ml). Cells are 
incubated for 5 minutes and the supematant is then 
removed. Medium containing 0.1% gelatin, 50 mM 25 
acetic acid in methanol (2~1 v/v) is then added to the 
HUVECs. PAF is then extracted and quantified using 
conventional techniques fr. M. McIntyre et al., “Cul- 
tured Endothelial Cells Synthesize Bot Platelet- 
Activating Factor and Prostacyclin in Response to 30 
Histamine, Bradykinin and Adenosiue Triphosphate”, 
J: Chin Imwt., 76, pp. 271-80 (1985)]. The I& values 
are then calculated. Hiiog-8 inhibits the synthesis of 
PAF by HUVECs in this sssay. 

The effect of Hiruiog-8 on thrumbin-induced poly- 35 
morpbonuclear leukocyte (ISiN) adhesion to HU- 
VECs may be demonstrated as follows. HUVECs are 
grown to confluence in MEM containing 1% fetal calf 
serum in 24-well cluster plates. The medium is then 
removed, the cells are washed two times with fresh, 40 
senrm-free medium and incubated in the same medium 
for 10-30 minutes at 37’ C. to remove serum products. 
PMNs (2.5 x 106 in 1 ml), which are pre-equilibrated at 
37’ C., ue then added to each well. The PMNs are 
allowed to settle onto the HUVEC monolayer for 2 45 
minutes. Hirulog-8 (5 @nl) or saline is added to each 
well, immediitely followed by the addition of a-throm- 
bin (0.1 or 1 U/ml). The cells are incubated for 5 min- 
utes at 37’ C., washed twice and then examined by 
phase-contrast micrr#eopy. Adhuent PMNs are 50 
counted directly. Samples incubated with Hirulog-8 
have sigdiantly fewer adherent PMNs thau those 
tratedwitIlsaliu~ 

EXAMPLE 16 
synthesis of Hirulog-13 

55 

Hirulog- 13 has the formulaz H-(D-PhebPrc+Arg-Ro- 
(Glyh-Asn-Gly-AspWeu~lu-ne-Pro-Glu-G- 
Tyr-Leu-OH. We syuthesixed, purified and character- 6,, 
iad this peptide sscntially as described in Example 4, 
except that only one cycle of BGGglycylglycine was 
employed to produce the diglycine segment. 

EXAMPLE X7 
synthesii of Hirulog- I4 

63 

Hirulog-14 has the form& H-(D-Phe)-Prc+Arg-Pro- 
(Gly)+sn-Gly-Asp-Phffilu-Glu-Be-Pro-Glu-Glu- 

26 / 
Tyr-Leu-GH. Hirulog-14 was synthesized, purified and 
characterized using methods described in Example 4, 
except that one cycle of BGC-glycine sddition was 
employed following the two cycles of Bocglycylgly- 
tine addition to produce the pentaglycine segment. 

EXAMPLE 18 

synthesis of Hhllog-1 s 

Hirulog-15 has the formula: H-@-Phe)-Pro-Arg-Pro 
(Gly)s-Asn-G1~19J~Phe-G1u-ne-Pro-G 
Tyr-Leu-GH. Einrlog-15 was synthesixed, purified and 
~haracterixed using methods descni in Example 4, 
except that three cycles of BOCglycylglycine addition 
were employed to prepare the hexaglycine segment, 

EXAMPLE 19 

Synthesis Of Hirulog- 16 

Hirulog-16 has the formula: H-(D-We)-Pro-kg-Pro- 
(Gly)s-Asn-Gly-Arp-Phe-Glu-Glu-Ile-Pro-GIu-Glu- 
Tyr-Lear-OH. Hirulog-I6 was prepared, purifIed and 
characte+ed as described in Example 4, except that 
four cycles of BGC-glycylglycine addition were used to 
prepare the octaglycine segment. 

EXAMPLE 20 

Synthesis Of Himlog- 17 

Hirulog-17 has the forma H-(D-Phe)-Pro-Arg-Pro- 
Gly-Gly-Glu-Gly-His-Gly-Asn-Gly-Asp-Phe-Glu-Glu- 
IIe-Pro-Glu-Glu-Tyr-Leu-OH. Hirulog-17 was synthe- 
sized essentially as described in Example 4, except that 
a Gly-Gly-Glu-Gly-His-Gly replaced the GIy4 segment 
present in I-I&log-8. This sequence was added on to the 
growing peptide chain by the consecutive additions of 
BGC-glycine, BGC-L-histidiie, BGC-glycine, BGC-L- 
ghtamic acid and BGC-glycylglycine at cycles 13-17 
of synthesis. purification and characterixation were 
performed as described in Example 4. 

EXAMPLE 2 

Synthesis Of Hirulog-18a, -18b And -I& 

Hintlog-18a has the formula: H-(D-Phe>Pro-@- 
homouginineHGly)s-~-Gl~~~~lu-Glu-~e- 
Pro-Glu-Glu-Tyr-LeuaH. Hirulog-18b hrs the for- 
mula:. H-@-Phe)-Pro-@-homoarginine)-Pro-(Gly)4- 
Am-Gly-AspPhe-Glu-Gluude-~lu~lu-Tyr-Lu- 
OH. Hintlog-I& hrs the formula: H-(D-Phe>Pro-@- 
homoarginine jVal-(Gly)r-Asn-Gly-Asp-Phe-Glu-Glu- 
Be-Pro-Glu-Glu-Tyr-LH. We synthesixed Hiru- 
log-l& using a mixed homogeneous/solid-phase proce- 
dluc. Residues S-20 were prepared by solid-phue syn- 
thesis, as described in Examples 4 and 17. The resulting 
resin-linked intermediate was reacted with a BOG& 
homoargininc-Gly protected intermediate, which was 
~yntbesized in the multi-step reaction scheme depicted 
below and described immediitely thereafter. 


